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BOTANY. 


PART L 

VEGETABLE ANATOMY, ORGANOGRAPHY, AND 
PHYSIOLOGY. 


1. Botaist is that branch of science which comprehends the know- 
ledge of till that, relates to the Vegetable Kingdom. It embraces a con- 
sideration of the external configuration of plants, their structure, the 
functions which they perform, the relations which they bear to each 
other, and the uses to which they are subservient. It has been 
divided into the following departments: — 1. Stmctural Botany, or 
Organography, which has reference to the textures of which plants are 
composed, and to the forms of their various organs. 2. Physiological 
Botany , in which plants are considered in their living or active state, 
and while performing certain vital functions. 8. Systematical Botany , 
or Taxonomy , the arrangement and classification of plants. 4. Geogra- 
phical Botany , or the distribution of plants over the globe. And, 5. 
Fossil Botany , or the nature of the plants found in a fossil state in the 
various geological formations. 


CHAPTER I. 

ELEMENTARY ORGANS, OR VEGETABLE TISSUES. 

2. In their earliest and simplest state, plants consist of minute vesicles, 
formed by an elastic transparent membrane, which is composed of a 
substance called Cellulose . This substance is of general occurrence, 

A. 



FORM AND ARRANGEMENT OF CELLS. 


are occasionally absorbed so as to form continuous tubes. When 
cells are united in a rectilinear manner, those in contiguous rows are 
either directly opposite to each other, that is, arc placed at the same 
height (fig. 18), or are alternate, from being placed at different heights 
(fig. 19); cells sometimes communicate with each other laterally (fig. 
20 a a). Isolated cells, as spores of sea-weeds, occasionally have free 
filaments or cilia ( cilium , an eyelash) developed on their surface. 



17 18 19 20 


8. The simplest kinds of plants, as mushrooms and sea-weeds, are 
composed entirely of cellular tissue, and are called Cdlulares. The 
pulpy and succulent parts of all plants contain much cellular tissue, 
and the object of horticultural operations is to increase the quantity of 
this tissue in ordinary fruits and vegetables. The pith of trees, and 
plants during their early development, are cellular ; so also are cotton 
and rice-paper. 

9. In general, no visible openings can be detected in cells, although 
fluids pass readily into and out of them. Harting aud Mulder, however, 
state, that they have observed perforations in the cells of Iloya carnosa, 
Asclepias syriaca, Oycas revoluta, Virginian spiderwort, and Traveller’s 
joy. In one cell (from a Euphorbia), having a transverse diameter of 
0.03777 millimetres,* they counted 45 minute holes. In some mosses, 
also, openings have been found in the cells. 

1 0. Porous cells are those in which the membrane has been thick- 




ened at certain parts, leaving thin rounded spots, which, 
when viewed by transmitted light, appear like perfora- 
tions or pores (fig. 21, 28). The pores of contiguous 
cells usually correspond as regards position, and some- 
times the membrane becomes absorbed between them, so 
as to allow a direct communication by means of lateral 
canals, as is seen in the cells from the root of the Date 


Fig. 17, 18, 19.— Cells united together by their extremities. 

y tS; 20* Elongated thickened cells, from the root of the Date palm, a a , Canals ot comnui- 


Fig. 21,- 
Fig. 22.— 
appearance. 


Porous cell, from the Elder (Samlwcus niffm). 

•Articulated Bothrenohyma, or Taphrenchyma, from Misleto, having a momliforni 
* A millimetre is about l-25th of an English inch. 
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(fig. 20 a a). When porous cells are united end to end, so as to 
form tubes, they have been denominated articulated Bothrenchyma 
(/360gog, a pit), on account of the pits or depressions in their thickened 
walls (fig. 22). 

11. Fibrous or Spiral cells are those in which there is a spiral 
elastic fibre coiled up in the inside of the membrane (fig. 23). When 
united, they form fibro-cellular tissue , or Inenchyma (ivsg, fibres). These 
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cells generally consist of membrane and fibre combined, but the 
former appears to be sometimes absorbed wholly or partially duiing 
the progress of growth. The membrane, in some instances, is easily dis- 
solved by water, and then the elastic close convolutions of the fibrc^ spring 
out with considerable force, as in the outer covering of the seeds of 
Collomia and Salvia. Spiral cells abound in many of the Orchidaceous 
plants, and in the Cactus tribe. They are also found in the inner 
covering of anthers, in the spore-cases of many of the lower tribes of 
plants, and in the coats of the seed of Aeauthodium spicatum. The 
spiral filaments sometimes exhibit peculiar movements when placed 
in water. The fibre varies from about ^ to ^ooo of an inch in 
diameter ; it is solid, and presents either a circular, an elliptic, or a 
quadrangular section. The coils of the fibre sometimes separate from 
each other, and become broken up and united in various ways, so as 
to appear in the form of rings, bars, or dots, thus giving rise to annular 
(fig. 24), reticulated (fig. 25), scalariform and dotted cells (fig. 2G), which 
constitute the spurious Inenchyma of authors. 

12. In certain parts ol‘ plants cells are placed closely together, and 
compressed so as to touch each other by fiat surfaces, filling up space 
completely, and leaving no intervals; they then form the perfect Paren- 
chyma of Schleidcn (fig. 8, 27). In lax tissues, however, the cells retain 
a rounded shape, and then touch each other at certain points only, 
leaving intervals of various sizes and shapes, and forming the imperfect 
Parenchyma of Selileiden (fig. 7, 28). These intervals, when of mode- 
rate size and continuous, are called intercellular passages or canals ; when 
large, irregular, and circumscribed, intercellular spaces , or Lacuna (fig. 
16 1 1 ). 

13. A difference of opinion prevails as to the mode in which cells 

Fig. 28, 24, 26.— Spiral, annular, and reticulated cells, from MMeto (Viscum album). 

Fig. 26.— Scalariform and dotted cells, from Elder (Sambucus nigra). 
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are united together. Some maintain that the cell-walls in the young 
state unite together directly, and become agglutinated, more or less, 


a 



28 


according to their places of contact. Others, a s Mohl and Henfrey, 
hold that there is an intercellular matter which acts as a sort of 
cement, or Collcmhyma (xo'XXa, glutinous matter). In sea-weeds, the 
cells, of which the entire plant is composed, are placed at a distance 
from each other (fig. 29 a a), and the intervals are filled up by this 
intercellular substance (fig. 29 b\ which thus forms a large part of 
their bulk. In the higher classes of plants, when the cells touch 
each other, the layer of intercellular matter must be very thin, except 
in the intercellular canals or spaces. Mirbel looks upon it as the re- 


ft a 



SO 


mains of the mucilaginous fluid in which the cells were originally devel- 
oped, and which has become thickened to a greater or less degree, as 
in the root of the Date (fig. 30), where aaa indicate the cells, and 
bbb the interposed substance. 

2. — Contents op Cells.’ 

14. The external membrane of cells is composed of the unazotised 
substance called Cellulose , and in their interior a mucilaginous matter 
is contained, which undergoes changes in the progress of growth. 

Pig, 27.— Cellular tissue, from pith of Elder. 

Fig. 28, — Porous Merenchyma, from Hortseleek ( Sempervivuin tectorum), a , Intercellular canal. 

Fig. 29.— Cellular tissue of Sea-weed ( Bimanthalla lorea). a a, Cells. 6, Intercellular matter! 

Pig, 80.— Central portion of young root of Date, aaa, Thickened cells, ft ft ft, Intercellular 
substance of Mirbel. 
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This matter is the Protoplasm {vgurog, first, and ^Xa^a, formative 
matter) of Mohl, the Cytoblastemu {xv rog, a cell, and /SXatf-nj^a, a germ) 
of some authors. It is at first homogeneous, but ultimately assumes 
a granular form. It contains nitrogen in its composition, or is ajzotised, 
and it assumes a brownish colour when acted upon by iodine. It 
forms a mucilaginous layer on the inner surface of the cell-wall, and 
thus gives rise to the internal utricle of Harting and Mulder, the prim- 
ordial utricle of Mirbel. This inner membrane is visible in the young 
state of the cell, and under the action of tincture of iodine may be 
made to contract and separate from the outer cell- wall. It may also 
be rendered distinct by the action of strong hydrochloric acid, and by 
diluted sulphuric acid. When the process of lignification or tliicken- 
ing has advanced, this utricle disappears, in consequence of becoming 
incorporated with the cell-wall. 

15. In certain cells the membrane continues throughout to be formed 
of a thin layer of cellulose, while in others it becomes thickened by the 
deposition of matter on its inner side. These secondary deposits, or in- 
crustations, are sometimes of a gelatinous consistence; at. other times they 
are hard. In the latter case, the incrusting matter is looked upon as a 
modification of cellulose, and has received the name of lignirte {lignum, 
wood), or sclerogen (axXr^hc, hard, and ysvvdeiv, to generate). On mak- 
ing sections of such cells, in a transverse (fig. 31) or longitudinal di- 
rection (fig. 32), the successive layers may 
be seen either continuous all round, or leav- 
ing parts of the membrane uncovered. Cells 
of this kind are well seen under the micro- 
scope in thin sections of the hard shell of the 
Coco-nut, or of the hard seed of Attaiea 
fiinifera, and of the Ivory Palm. In aLL 
cell-deposits there is a tendency to a spiral 
arrangement. When the deposition is uniform over the whole sur- 
face, this arrangement may not be detected ; but when interruptions 
take place, then the continued coil becomes evident. In spiral cells the 
fibre seems to be formed before the full development of the cell, the coils 
of the fibre being at first, in contact, and afterwards 
separated, whereas the secondary thickening layers are 
deposited after the cell is fully formed. 

1 6. Each cell is found to contain, at some period of j 
its existence, a small body, called a nucleus (fig. 33 n n n), i 
in which there are often one or two, rarely more, min- 
ute spots, called riucleoll The nucleus is of a round 
or oval shape, granular and dark, or homogeneous 
and transparent, bearing some resemblance to a smaller internal cell. 




Fig. 31.— -Transverse section of cells from pulp of Pear. 

Fig. 32.— -Longitudinal section of the same. Fig. 33.— Nucleated cells from the Beet. 
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Nucleoli are not always present. They are either vesicles and 
granules contained in the nucleus, or minute cavities in its substance. 
The latter view is supported by Barry, who holds that a peculiar sub- 
stance, called hyaline (vuXog, glass), is developed there, which, accord- 
ing to him, is the origin of the nucleus. The nucleus is situated at 
different parts of the cell. It is either free in its cavity, or connected 
with its wall by mucilaginous threads, or imbedded in the substance of 
the membrane. The addition of acetic acid often renders the nucleus 
distinct. 

17. starchy matter is found in cells, winch constitute the tissue 
called, by Morren, Perenchyma (tr>jga, a sac). Starch exists in the 
form of granules, which are minute cells, (perhaps nuclei, as Muller 
suites,) in which nutritious matter is stored up. Tins matter may be 
deposited in such a way as to give the appearance of stria? surrounding 
a point or hilum, which is considered as an opening into the cell. 
The grains of starch are well seen in the cells of the potato (fig. 34). 
In wheat (fig. 35), and in maize (fig. 36), the form of the granules, 
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and the successive layers of deposit, are also seen. The grains in the 
stem of Nuphar luteum show the centripetal formation, that is, the 
increase by layers deposited within each other. The addition of* iodine 
causes the grains of starch to assume a blue colour, and marks the 
difference between them and the walls of the cell containing them. 

18. Crystals are found in the interior of cells. They probably 
owe their origin to the union between the acids pro- 

S duced or taken up by plants, as oxalic, phosphoric, 
malic and carbonic, and the alkaline matter, as lime 
and potash, absorbed from the soil and circulating in the 
sap. The crystals usually lie loose in the cells (fig. 37, 
38); but, according to Payen, they are sometimes found 
in a distinct tissue, and suspended from the wall of a 
large cell (fig. 39)— filling what some have supposed to 
be the base of an undeveloped hair. The crystals are 
37 of different sizes and forms. Occasionally, a single large 
crystal nearly fills a cell, but in general there are numerous crys- 
tals united together. Sometimes the crystals radiate from a common 
point (fig. 40, 41), and form a conglomerate mass ; at other times they 

Fig. 84. — Cell of Potato, containing striated starch grains. 

Fig, 85, — Grains of starch of Wheat. Fig. 36.— Grains of starch of Maize. 

Fig. 87.— Cellular tissue of Arum maculatum. c, Cells containing chlorophylle. r, r, Kaphi- 
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lie parallel, and have the appearance of bundles of fine needles (fig. 
37, 38). To the latter, the name of Baphides (ga fig, a needle), or 



acicular crystals (acu<% a needle), was originally given. It has been 
said that these crystals exist also in the intercellular spaces ; but this 
seems to depend on the mode in wliich the section of the plant is made, 
tor when raphidian cells (fig. 42 r r r r) are situated close to a lacuna, 
the crystals may easily be pushed into it accidentally by the knife. 
Raphides consist principally of phosphate and oxidate of lime. They 
abound in some plants, especially Cacti, and they 
are common in Squill, and in the officinal 'bur- r 
key Rhubarb, which owes its grittiness to their 
presence. One hundred grains of rhubarb root c 
contain about 30 or 40 grains of oxalate of lime 
crystals. Acicular crystals may be easily seen by 
making a section of any Liliaceous plant, as the 
hyacinth, and spreading the thick mucilaginous r 
matter of the cells on the field of the micro- 
scope. Radiating raphides are seen in the sepals of Geranium robertia- 
num and lucid urn ; the crystals, consisting of oxalate of lime, fill the 
whole of the cells m the middle of the sepal, their size varying from 
' 2 ooa 'i6oo of an inch. Quekett found them in all the species of 
Pelargonium and Morisonia that lie examined, and he thinks that they 
are as general as the beautiful markings in the cuticle of the petals of 
these plants. Clustered crystals have been detected in Malvaceous 
plants, and in the sepals of the strawberry ; numerous acicular crystals 
have, been observed in Fuchsias, and solitary cubical crystals in the su- 
perficial cells of the sepals of Prunella vulgaris and Dianthus Caryo- 
phyllus. In the outer covering of the seed of Ulnius campestris, the 
sinuous boundaries of the compressed cells are traced out completely 



Fig. 38. — Cells of Arum maculatum. Clusters of raphides in a large oval cell surrounded 
by smaller cells. 

Fig. 39. — Cellular tissue, from leaf of Ficus elastica. c, A large cell, r, An agglomeration 
of crystals suspended in a sac by a tube, t. u, Utricles filled with grains of clilorophylle. 

Fig. 40.-— Cells of Beet with conglomerate radiating crystals, a. b , Separate crystals of dif- 
ferent forms. 

Fig. 41.— -Conglomerate crystals of oxalate of lime from Rhubarb. 

Fig. 42.— Cellular tissue of Oolocasia odora. cc, Cells with grains of clilorophylle. i rrr, Ra- 
pliidian cells projecting into a lacuna or intercellular space. 
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by minute rectangular crystals adhering to each other. Unger detected 
oxalate of iime crystals in Ficus bengalensis and Calathea zebrina. 

19. Chlorophyll* green, and pt-XXov, a leaf), or the green 

colouring matter of plants, floats in the fluid of cells, accompanied by 
starch grains. It has a granular form (fig. 39 w, 42 e), is soluble in alcohol, 
appears to be analogous to wax in its composition, and is developed un- 
der the agency of light. Its granules arc usually separate, but some- 
times they unite in masses (fig. 37 c). Other kinds of colouring matter 
are also produced during vegetation, and occur in the form of fluids or 
of granules in the interior of cells. 

20. Oils and Resinous matter are found in the interior of cells, as 
well as in intercellular spaces. The cavities containing them are deno- 
minated cyste, reservoirs of oil , and receptacles of secretions. They are 
easily detected in the rind of the orange and lemon, in the myrtle tribe, 
and in Hypericum. When small portions of the fresh leal* of Schinus 
mollis are thrown on water, the resinous matter, by its rapid escape, 
causes them to move by jerks, and the surface of the fluid is covered 
with the exudation. In the bark of the Fir tribe there are cavities 
with thick walls containing turpentine. In the fruit of Uinbelliferse, 
canals occur called vittoc ( vitta , a head-band, from surrounding the 
fruit), containing oil. 

21. Air cells, or cavities containing air, consist either of circum- 

scribed spaces surrounded by cells (fig. 43), or of lacuna? 
formed by the rupture or disappearance of the* septa be- 
tween a number of contiguous cells, as in grasses, Equise- 
turn, Umbelliferous plants, and pith of Walnut. They 
are often large in aquatic plants, and serve the purpose of 
43 floating them, as in Pontederia, Trapa, Aldrovanda, and 
sea-weeds. 


3. — Development and Functions of Cells, 

22. The subject of Cell-development , or Ci/togenesis (xuro$, a cell, and 
y'mtiig, origin), wliich has given rise to great diversity of opinion among 
physiologists, is still involved in much obscurity. By some it is 
affirmed that the first appearance of vegetable tissue is in the form 
of a mucilaginous fluid, which, gradually thickening, becomes hollowed 
into a number of small cavities constituting the future cells. Schleiden 
believes that the cell is formed from the nucleus, to which he gave 
the name of Cgtoblmt (xt irog, a cell, and fiXctffrbg, a germ), or cell-germ , 
from its supposed generative function. This cytoblast, according 
to him, is the part first formed. It acts by attracting the mucilagi- 
nous matter in which it lies, and forming around itself a sort of gela- 
tinous covering. There is thus produced round the nucleus a closed 


Fig. 43.— Air-cells in Ranunculus aquatiHs. 
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utricle, which increases in size by the assimilation of the fluid in which 
it is placed. The development usually takes place on one side, the new 
cell appealing in the form of a transparent vesicle rising from the 
surface, and leaving the nucleus attached to the other side of the 
utricle (fig. 33). The cytoblast is thus enclosed in the utricle, and may 
ultimately disappear by absorption, leaving a non-nucleated cell. The 
membrane surrounding the nucleus is converted gradually into cellu- 
lose, and thus the perfect cell is formed. According to Mohl, the 
nucleus is at first retained in the centre of the cell by means of mucous 
threads, and afterwards becomes fixed to the sides. Occasionally, the 
nucleus becomes imbedded in a duplication of the cell-wall. This 
process of cell-development, according to Ascherson, is similar to what 
takes place when oil is mingled with a mucilaginous or albuminous 
fluids each minute molecule of oil becoming surrounded by a thin 
film of membrane. In this view the ceil is originally of a more or less 
globular form, and all the varieties of shape afterwards seen are due 
to changes in the progress of growth. 

Barry affirms that a minute pellucid globule (hyaline) is first seen in 
the formative matter. This absorbs and assimilates new matter, enlarges 
and becomes granular, thus forming the cytoblast of Schleidcn, after it 
has prepared a nucleolus for itself* The outer part of the cytoblast rises 
in the form of a membrane to produce a cell ; another portion of it is 
concerned in the formation of the contents of the cell; and what is left of 
the cytoblast in the cell-wall becomes the nucleus of the cell. This nuc- 
leus (not the cytoblast of Schleiden) remaining on the cell-wall, is not 
absorbed, but becomes the source whence eyt oblasts are formed. Thus, 
according to Barry, the substance of the larger body is not deposited 
around the smaller, but the smaller is transformed into the larger ; the 
nucleolus becomes the cytoblast, and the cytoblast becomes a nucleated 
celL 

As regards the development of cells from nuclei, the present state of 
our knowledge does not warrant us in stating more than that there is 
a protoplasm, or soft organizable matter, which is contained in cells, or 
in the spaces between them ; that in this matter a nucleus is produced, 
either around previously existing nucleoli, or from the granules of the 
protoplasm ; and that the nucleus has the power of developing new 
cells, which become nucleated, increase in size, and escape from the 
parent cell, by rupture or absorption. In the production of young 
cells, the nucleus of the parent cell sometimes divides into two, each 
part having the power of giving rise to a new cell. There is thus a 
constant multiplication of cells by an intra-cellular or endogenous 
(s vdov, within, and ywaziv, to generate) process. 

23. It is supposed by some that cells may arise without a nucleus, 
by the simple aggregation of granular matter, which becomes enve- 
loped in a membrane, and thus forms a cell with granular contents. 
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In such cells, a body similar to a nucleus may be afterwards formed, 
and may assume the function of the cytoblast of Schleiden, as far as the 
subsequent endogenous development of new cells is concerned Some 
physiologists maintain that the cytoblast is never concerned in evto- 
genesis, but only takes part in the various chemical and other changes 
which occur in the contents of the cell during its growth and nutrition. 
Mohl and Henfrey state that new cells are produced by the division of 
the primordial utricle (If 14), which gradually folds inwards about 
the middle, forming an annular constriction, and ultimately a complete 
separation of the utricle into two parts. Each of these afterwards be- 
comes covered by a permanent cell -wall. Henfrey has supported this 
view by observations made on the hairs of Tradescantia and ofAchimcncs 
grandi flora, in which he has traced the gradual formation of a septum. 

24. Naegeli maintains that new cells are produced by the division 

of the primordial utricle, or mucilaginous sac, as he calls it, and its 
contents into two or four portions, each of which encloses a free nu- 
cleus. From each of these portions, a cell, with its outer layer of 
cellulose, originates, while the parent cell becomes dissolved and disap- 
pears. The outer layer of the new cells is formed, according to him, 
round, and by the separate portion of the divided utricle. The mode 
of division he does not explain. This view does not appear to differ 
much from that adopted by Unger, who traces in Alga? the develop- 
ment of new cells, by a jmiparowt (jmrni, a cleft, and patio, to produce), 
or merismatic division) separation of the old ones into four 

divisions, in the same way as occurs in pollen grains. In some of the 
most simple plants, multiplication takes place by a sort of sprouting of 
new cells from old ones, like buds from a stalk. 

25. The various theories of cell-development may be therefore re- 
duced to the following: 1. The Endogenous formation within a parent 
cell ; 2. the Exogenous (s£&, without), without, or on the outside of 
the cell ; 3. Merismatic, or by division of cells ; and, 4. Isolated, or 
the independent formation of cells in a protoplasm.* 

20. Ihe formation of cells from nuclei, and their fissiparous division, 
are by some attributed to different electrical currents excited by the 
chemical actions going on in the cell. Cells are produced with great 
rapidity, especially in the case of fungi. Lindley calculates that the 
cells of Bo vista gigantea have been produced at the rate of more than 
sixty-six millions in a minute, and Ward has noticed a similar occur- 
rence in Phallus impudicus. In warm climates, at the commencement 
of the wet season, the production of cells in the higher classes of plants 
proceeds with astonishing rapidity. 


°1 thc development and growth of cells, the following works 

may be consnlted -.--Schleiden on Phylogenesis, and Mohl on the Structure of the Vegetable 
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27. The organized cells of plants appear to be the more immediate 
seats of the various changes which constitute the functions of nutrition 
and reproduction. In cellular plants they are the only form of elemen- 
tary tissue produced throughout the whole of life. They absorb nour- 
ishment through their walls, elaborate secretions, and give rise to new 
individuals. In the newly-formed tissue of vascular plants, cells alone 
at first exist. Fluid matters are absorbed by them, and are transmitted 
from cell to cell by a process of transudation. The name of Endosmose 
(evdov, inwards, /Aaw, /iZ, to seek), and Exosmose (e£w, outwards), were 
given by Dutrochet to the process of transudation, which leads to the 
motions of fluids of different densities placed on opposite sides of 
animal and vegetable membranes. This process appears to be of uni- 
versal occurrence in plants, being concerned in the movements of the 
sap, the opening of seed-vessels, and many other phenomena. The 
capsule of the Elaterium, lor instance, opens with great force by a pro- 
cess of endosmose going on in the cells, and such is also the case with 
that of the Balsam. The power which cells possess of absorbing fluids 
is well seen in sea-weeds, which, after being dried, can easily be made 
to assume their natural appearance by immersion in fluids. It is also 
observable in the spores of the Equisetum, the teeth of Mosses, the 
seed-vessels of some Fig-mary golds, the Rose of Jericho (Anastatica), 
and some Lycopodiums. 

Various organic secretions, which are necessary for growth and nour- 
ishment, are formed by the internal membrane of cells. It is in cells 
that the azotised and unazotised matters are deposited, which are after- 
wards applied to the purposes of vegetable hie. In them we meet with 
the proteinc compounds, albumen, fibrine, and caseine, consisting of 
carbon, oxygen, hydrogen, and nitrogen, with proportions of sulphur 
and phosphorus; as well as starch, gum, sugar, oil, and colouring mat- 
ters, in which no nitrogen occurs. Some of the organic matters found 
in plants have been artificially formed by chemical means, while others 
have only as yet been met with in the living organism. Spiral cells 
sometimes contain air. 

SECTION 1 1. — V A S C U L A R TISSUE. 

1. — Fobm and Arrangement op Vessels. 

28. Vascular Tissue, or Angienchyvm (a yyog, a vessel), consists of 
tubes whose length greatly exceeds their breadth. These may be 
formed of membrane only, or of membrane altered in various ways 
fey deposits of fibre, or thickening matter in the interior. 

29. Woody Fibre, or Ligneous Tissue, Pleurenchyma (ffXg uget, a rib, 
from its firmness), (fig. 44), consists of tubes, or, according to some, 
elongated cells, of a fusiform (/w-sws, a spindle) or spindle-like shape 
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(fig. 3), having their walls thickened so as to give great firmness. Some 
have called this tissue Prosenchyma close to, in reference to the 
close apposition of the tubes), a term, however, generally 
applied to shortened fusiform cells only. Pleurenchyma- 
tous vessels lie close together, overlap each other, and, by 
their union, give strength and solidity to the plant. Their 
membrane becomes thickened by successive deposits of 
layers of cellulose and sclerogen, and in a transverse sec- 
tion the tubes present the appearance of concentric circles, 
occasionally with intervals, where the ligneous matter is 
deficient (fig. 45). The wood of trees is made up of fibres 
or tubes of this kind, and they are found in the inner 
bark, and in the veins of leaves. The woody fibres may 
be separated from the cellular parts of plants by macera- 
tion. In this way Flax and Hemp are procured, as well 
as the Bast used for mats. The strength of the woody 
fibres of different plants varies. Tims, New Zealand Flax, 
the produce of Phorinium tenax, is superior in tenacity to 
Common Hemp ; while the latter, in its turn, excels Com- 
mon Flax, as well as Pita Flax, winch is the produce of 
Agave americana* Linen is formed from woody tissue. 
Cotton, on the other hand, consists of elongated cells or 
hairs, the membrane of which becomes contracted in the 
process of drying, so as to appear twisted when viewed 
under the microscope. By this character mummy cloth 
was shown to be composed of linen. "Woody fibres, in 
fabric, form muslin, lace, &e.; when reduced to small frag- 
ments, they constitute the pulp whence paper is made. 

30. In its ordinary form, Pleurenchyma has no definite markings 
on its walls ; but in some instances these pre- 
sent themselves in the form of simple discs (fig. 
4G), or of discs with smaller circles in the 
centre (fig. 47). The latter occurs in the wood 
of Firs, Pines, and Winter’s bark, and has re- 
ceived the name of glandular or punctated woody 
tissue. . These markings jure formed by concave 
depressions on the outside of the walls of conti- 
guous tubes, which are closely applied to each 
other, forming lenticular cavities between the 
vessels, like two watch-glasses in apposition, 
and when viewed by transmitted light they ap- 

Fig. 44. — Woody fibres ( Pleurenchyma ), from Clematis vitalba. 

± ig. 46. — Transverse section of the same. 

Fig. 46.— Woody fibres with circular spots where the membrane is thin (Bignmia). 

Fig. 47.-Punctated woody tissue, with a double circle or disc, from common Scotch Fir. 

8ttme ' “ S the UnSoa tetween *• 
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pear like discs (fig. 46). In the centre of the depression there is a 
canal, often fiinuel-shaped, and the part of the tube corresponding to it 
being thus thinner than the surrounding texture, gives the aspect of a 
smaller circle in the centre (fig. 47). When a thin section is made 
through two parallel lines of punctations, the slits or fissures are seen 
which give rise to the appearances mentioned (fig. 48). That these mark- 
ings are cavities between the fibres was proved by Quekett 
in the case of fossil pine wood, where he separated lenticu- 
lar masses of solid matter from the discs. There is some- 
times observed a thickening layer, in the form of a spiral 
fibre, surrounding the discs more or less completely. The 
discs are usually arranged in single rows, but they occur 
also in double and triple rows, more particularly in Arau- 
caria and Altingia. 

31. Fibro-Vascnlar Tissue, or Trachenchyma ( trachea , 

windpipe ; rpayjjc, rough), is fanned of membranous tubes 
tapering at each end, less firm than Pleurenchyina, and 
either having a fibre coiled up spirally in their interior, or 
having the membrane marked with rings, bars, or dots, 
arranged in a more or less spiral form. _ 

32. True Spiral vessels (,sy riroidea, trachea J ), constituting H 
the typical form, present themselves as elongated tubes 
clustered together, overlapping eachother at their conical 
extremities, and having a spiral fibre or fibres surrounding 
the interior of the cylinder (fig. 49). Their outer mem - 
brane is thin, and consists of pure cellulose. At the point 
where they overlap, it is sometimes absorbed so as to 
allow direct communication between the vessels. The 
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fibre or spiral filament is generally single, forming simple 
tracheae (fig. 50) ; but sometimes numerous fibres, varying from two to 
more than twenty, are united together, assuming the aspect of a broad 
ribband (fig. 51), and constituting Pleiotrachecn (nXe/uv, more). The 
fibre is elastic, and can be unrolled. This can be seen by taking the 
leaf of a Pelargonium, and after making a superficial cut round the 
stalk, pulling the parts gently asunder, when the fibres will appear like 
the threads of a cobweb. 

33. Spiral vessels were first noticed as early as 1661, by Henshaw. 
They occur principally in the higher classes of plants, and are well seen 
in annual shoots, as in Asparagus ; in the stems of Bananas and Plan- 
tains, where the fibres may be pulled out in handfuls, and used as tin- 
der ; in many aquatics, as Nelumbiurn and Nymphsea, and in Liliaceous 
plants. In hard woody stems, they are principally found in the sheath 


Fig. 49.— Two spiral vessels united. Fig. 50.— Simple trachea. 

Fig. 51. — Spiral vessel with a ribband of united fibres (Pleiotrackea), from the Banana. 
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surrounding the pith, and they are traced from it into the leaves. 

f They are rarely found in the wood, bark, 
or pith. Spiral vessels occasionally exhi- 
bit a branched appearance. This may 
arise from the union of separate vessels in 
rc an angular or jointed manner, as where a 

g g leaf or branch is given off (tig. 52 a a), or 
2 S it may depend on a regular division of the 
85 fibres, as is seen in the Misleto, Long- 
55*^ leek, and Gourd (fig. 53). 

84. The fibre is on the inside of the mem- 
«j §K g brane. Quekett has shown this in silicified 
spiral vessels, where the mark of the spiral 
was on the outside of the mineral matter 
53 filling the tube. The fibre usually turns 
from left to right, if we suppose the observer placed in the axis of 
the tube (fig. 54), or from right to left, if we suppose him looking 
at the vessel in its natural position. The fibre retains its direction 
throughout the length of the vessel. When examined under the micro- 
scope, there is often the appearance of the crossing of fibres (fig. 54), in 




consequence of the transparency of the membrane, and the 
observer seeing the fibre on each side of the vessel at the 
same time. In twining plants, the direction of the fibre 
does not always correspond with that of the stem. r flie 
coils of the spiral fibre may be close together (fig. 50), or 
be separated (fig. 55). Sometimes they become united 
together, and to the membrane of the tube, so that they 
cannot be unrolled. Such vessels are called dosed tracheae, 
or dosed ducts. 


35. False or Spurious Traeheie, the duets of some authors, are ves- 
sels in which the internal fibre does not form a complete spiral coil. 
The chief varieties are annular , retmdated , and scalarlfonn vessels, or 
ducts. In annular vessels (annidus, a ring), the fibres form complete 
rings round the tubes (fig. 50). They resemble the trachea? of animals 
more than spiral vessels do. The rings are by no means regular; 
they may be horizontal or inclined, simple or forked (fig. 57), placed 
near to each other or separated by considerable intervals, the inter- 
mediate spaces being sometimes occupied by a fibre of an elongated 
spiral form, which is continuous with the rings or distinct from them 
(fig. 58). All these forms are easily recognized in the common Bal- 
sam. Occasionally, the ring becomes very much thickened in a direc- 
tion perpendicular to the walls of the vessel, so as to leave only a 


Fig. 52.— Spiral vesselR, united so as to have a branched appearance. 
Fig. 55, — Brandling fibre, from spiral vessels of Gourd ( Gucurbita Ppo). 
Fig. 54.— Spiral vessels. Coils Been on l>oth sides. 

Fig. 55. — Coils of fibre, much separated in trachea of Gourd. 



FORM AND ARRANGEMENT OF VESSELS. 


17 


small space in the centre, as in some of the Cactus tribe. When 
separate fibres cross each other, forming a kind of net- work on the waifs 
of the tubes (fig. 59), the vessels become reticulated (reticulum, a net) ; 
and the name dotted is sometimes applied when the fibre is so broken 
up as to leave small isolated portions adhering to the membrane* 
(fig. 00). In scalaiiform vessels (scala, a ladder), there are short 
horizontal lines or bars, composed of fibre, arranged along the sides 
of the tubes, at nearly equal distances, like the steps of a ladder, and 
presenting a striated appearance. In some cases, as in the Vine (fig. 
01), they are composed of' tubes united to each other by thin, broad, 
oblique extremities; at other times they taper like spiral vessels. 
They generally assume a piismatic form, the angles being unmarked 
by lines, as is seen in Ferns (fig. 62). ^ 
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36. Porous Vessels. — Another kind of vessel common in plants is the 
porous vessel, so called from the appearance of* pores on its surface. 
The tissue formed by porous vessels has received the name of Vasiform 
tissue , Pitted tissue, BothrencJnjma, or Taphrenchyrna (j360po; or rutppog, 
a pit). The vessels are of large size, and are easily observed in the 
Vine (fig. 63), Sugar-cane, Bamboo, Gourd (fig. 98 ter), and other 


Fig. 56, 57, 58. — Annular vessels from tlie stem of the Common Balsam. 
Fig. m . — Spiral vessel. Wide coil, and fibre dividing. 

Fig. 60. — Vessel showing rings of fibre and dots. 

Fig. (II. — Scalar! form vessel from the Vine. 

Fig. 62. — Prismatic scalarlform vessel from Royal Fern Osmunda regalis), 
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as to leave part of the membrane uncovered, thus giving use to the 
porous or pitted appearance. The uncovered portions of membrane are 
sometimes absorbed in old vessels, and a direct com- 
I ! munication is established between them. The pores 
have sometimes a bordered aspect, which, according 
to Schleiden, depends on air contained in the cavities 
between contiguous vessels. Porous vessels are usually 
united to each other by a broad and often oblique 
septum. 

37. This kind of vessel occa- 
sionally presents a beaded appear- 
ance, as if formed by porous cells, 
with distinct constrictions at their 
point of union (fig. 64, 65). This 
articulated Bothrenchyma is by 
some considered as a form of cel- 
lular tissue (IT 10, fig. 22). To 
vessels exhibiting contractions of 
this kind, whether spiral or porous, 
the terms moniliform (morrile, a 
necklace), or vermiform ( vennis , a 
worm), have been applied ; and the tissue composed of spiral, annular, 
or porous moniliform vessels, has been denominated phleboidal (<p\ s-vj/, 
j2 >Ae/3^, a vein). 

38. liAtlcirerong vessels form the tissue called Cimnchyma (xiviw, to 
move, from certain movements of' their contents, to be afterwards 
noticed). They are the Milk-vessels, and the Proper vessels of old 
authors ; and of late years they have been particularly examined and 
described by Schultz. They consist of long, branched, homogeneous 
tubes, which unite or anastomose freely (fig. 66), thus resembling the 
vessels of animals. At first the tubes are very slender and uniformly 
cylindrical (fig. 67 «), but afterwards they enlarge and present irregular 
distensions at different parts of their course (fig. 67 b, 68), so as to give 
rise to an articulated appearance. Their walls vary in thickness, and 
are not marked by any depressions or fibres. These vessels are met with 
in the inner bark, and they contain a granular fluid called latex, which 
is at first transparent, but often becomes of a white, yellow, or reddish 
colour. Endlicher and Unger state that they are formed by cells 
united in a linear series, their septa being obliterated ; wliile Meyen 




Fig. 63.— -Porous vessel (Bothrenchyma) from the Vino, showing its connexion with woody 
fibres, and the broad septa or partitions of tho vessel itself. 

Fig. 64.— Porous vessel from Traveller’s joy (Clematis intalJxi), 

Fig. 66.— Moniliform porous vessels from the Common Balsam. 
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and Schleiden maintain, that at a very early period the currents of 
latex may be seen in the intercellular canals, and that ultimately a 


a 



06 07 os 


separate membrane is developed to form the vessels. The tissue can 
be easily examined in the India-rubber tree, in Dandelion, Lettuce, 
and Celandine, and in various species of* Ficus and Euphorbia. 

2. — Development and Functions of Vessels. 

39. The simple cell is the state in which vegetable tissue first 
makes its appearance. It is the primary form of all the textures sub- 
sequently produced in vascular plants. To the elongation of cells, and 
the deposition of thickening layers and fibres in their interior, the 
various vessels owe their origin. Tims when cells are developed as 
continuous branching tubes, which anastomose freely, Cinenchyma is 
formed ; when they are elongated, as spindle-shaped tubes, and their 
walls are thickened and hardened by depositions of ligneous matter, 
they give rise to Pleurencliyma; and when elongated membranous tubes 
are strengthened by spiral fibres, the different kinds of Fibro-vascular 
tissue are produced. The spiral vessel may be considered as the type' 
of the last-mentioned tissue, and all its varieties may be traced to 
changes taking place in the development of the fibre. The coil may 
be broken in consequence of the fibre adhering to the membrane, and 
the latter increasing rapidly in growth ; or the fibre may be deposited 
irregularly, in consequence of interruptions in growth. This view of 
the formation of vessels is confirmed by finding in the same tube a com- 


Fig. G6.— Laticiferous vessels (Cinenchyma) from Euphorbia dulcis. 
Fig. 67, 68. — Vessels of Latex from Celandine ( Chelidonium majm). 
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plete spiral fibre in one part, annular fibres, either complete or with their 
ends overlapping, at another, and bars or dots at a third portion. In the 
case of some vessels, their formation can be distinctly traced to cells 
placed end to end, the partitions between which have been absorbed. 
The monilifonn or beaded appearance often presented by the different 
lands of vessels, more especially the Porous, plainly indicates this mode 
of formation. 

40. As in cells, so in vessels, the walls are composed of cellulose, 
and there are usually no visible perforations ; the communication be- 
tween them taking place by imbibition or endosmose. In some instances, 
when vessels are closely applied to each other, especially when they 
overlap, the membrane becomes absorbed, and direct communication 
takes place. This lias been seen in spiral and porous vessels. The pits 
or depressions on the walls of vessels, and the thinning of the tissue 
at particular points, appear to serve the purpose of allowing the rapid 
transmission of 11 aids; and, according to some, they permit the passage 
of small cells from the interior, which become developed as tubes, and 
form branching vessels. 

41. Pleurenchyma, in its early state, contains fluids, and conveys 
them from one part of the plant to another. In the progress of growth, 
the secondary deposits obliterate the vessels, as in the perfect or 
heart wood of ordinary trees. These deposits are often of a very 
hard nature, and assume particular colours in different kinds of trees. 
From the firmness of this tissue, it is well fitted to give solidity to 
the stems and to strengthen the leaves of plants. In Spiral vessels, 
the fibre adds to their elasticity, and keeps the tubes always pervious. 
The fibre, when once formed, does not increase much in thickness, and 
the secondary deposits do not obliterate the canal. Various opinions 
have prevailed regarding the contents of these vessels. The name 
Trachea 1 , given by Grew and others, was partly from their structure, 
and partly from the idea that they contained air. The accurate experi- 
ments of Bisehoff lead to the conclusion that the perfect spiral vessels 
convey air, which often contains a large amount of oxygen in its com- 
position. Hales showed that air was evolved from the vessels of the 
Vine when cut, and Decandolle thought that part of the air in these 
vessels was derived from the pores of the leaves. Other authors look 
upon these vessels as conveying fluids, while a third set maintain that 
both air and fluids are present, the air being derived in part from 
decompositions going on in the interior of the plant. The oilier kinds 
of vascular tissue, and especially the porous vessels, are the means 
by which the fluids taken up by the roots of plants are conveyed to 
the leaves, and to all parts of the plants. Lnticiferous vessels contain, 
according to Schultz, the elaborated sap or latex on its return from 
the leaves to the bark. This latex is either transparent or opaque, 
colourless or coloured. These vessels, when examined with the micro- 
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scope in the living plant, exhibit movements in their fluid contents of 
a peculiar kind, which will be considered under Cyclosis . 

42. The cell has been already shown to be the type of all the tissues 
of plants, and to be the basis of all vegetable structure. It is of equal 
importance as regards function. In the lowest plants, as the Protococ- 
cus nivalis, or the Alga found in red snow, and the various species of 
Palmclla, Nostoe, and Hamiatococcus, cells constitute the whole sub- 
stance, and perform all the functions of life ; they absorb and assimi- 
late, thus performing the functions of nutrition and secretion, and they 
form new cells, thus reproducing individuals like themselves. When 
a more complex structure exists, as in the higher tribes of plants, 
certain cells are appropriated lor absorption, others are concerned in 
assimilation, and others in forming and receiving secretions. When a 
certain degree of solidity appears to be required to support the stem, 
leaves, and flowers, ligneous matter is deposited, and woody fibre 
formed. When the transmission of fluids and air is carried on rapidly, 
the elastic fibres of the fibro-vascular tissue seem to keep the elongated 
cells and vessels pervious, and when the elaborated sap is conveyed 
continuously without, interruption, anastomosing tubes occur in the 
form of latieiferous vessels. 

Tabular Arrangement of Vegetable Tissues. 

A. — Cellular Tissue (Parenchyma), composed of membrane, or of membrane and fibre, 

having the form of vesicles whose length does not greatly exceed their 
breadth. 

1. Membranous Cellular Tissue; cells funned by membrane alone, of various thickness, 

but without markings on it. 

2. Porous Cellular Tissue ; cells formed by membrane, which has been unequally 

thickened in such a way as to leave rounded depressions at regular intervals. 

3. Fibrous Cellular Tissue (lnenchyma); cells formed by membrane and fibre ; occa- 

sionally formed by fibre alone. 

a. Spiral Cells, with a complete spiral fibre inside. 

b. Dotted Cells, with opaque spots, which are isolated portions of fibre. 

B. — Vascular or Tubular Tissue (Angienehyma), composed of cylindrical tubes, which 

are more or less continuous, and usually overlap each other, or are united 
hy hroad oblique extremities. 

I. Membranous Vascular Tissue ; tubes formed by membrane alone, ot various thick- 

ness, but without markings on it. 

1. Ligneous Tissue (Pleurenchyma), composed of fusiform tubes with thickened 

walls. 

2. Latieiferous Tissue (Cineuchyma), composed of tubes which anastomose, often 

present irregular dilatations, and convey a peculiar fluid, called Latex. 

II. Porous Vascular Tissue ; tubes formed by membrane, which becomes thickened by 

spiral deposits, in such a way as to leave rounded depressions at regular 
intervals. 

1. Vasiform Tissue, or Porous vessels (Botbrenchyma or Taphrenchyma) ; large 
tubes, usually ending in broad extremities, with pits or circular markings on 
their walls. This tissue sometimes exhibits contractions at regular inter- 
vals, as if formed of porous cells laid end to end, and then is called Moni- 
liform, or Beaded (Articulated Botbrenchyma). 
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2. Punctated Tissue (Glandular Woody Tissue) ; fusiform woody tubes, with do- 
pressions and markings on their walls, presenting the appearance eitner o a 
single or double circular disc. . . , 

III Fibro- Vascular Tissue, composed of tubes in which the thickening matter is 
posited in the form of spiral fibres, rings, bars, or dots. # i f 

a. Perfect Fibro- Vascular Tissue, composed of tubes, in which there is a comp 

1. SpuTvSs (Tracheae, Tracheuchyma), iu which the spiral fibro is clastic, 

and may be unrolled. 

2. Closed Spiral vessels, or closed Tracheae, in which the spiral fibre is brittle, or 

its coils so united to each other, and to the membrane, that they cannot be 


unrum'u. . 

b. Imperfect Fibro- Vascular Tissue, composed of tubes marked by nngs, lines, or 
dots, but without a complete fibre inside. 

1. Annular Vessels or Ducts, having fibres in the form of detached rings, which 

are occasionally united by portions of fibre. 

2. Reticulated Vessels, having fibres which cross each other, or are disposed so 

irregularly as to form a net-work. 

3. Scalariform Vessels, having their walls marked by isolated portions of fibre, 

in the form of ladder-like bars. 

4. Dotted Vessels, having their walls marked by isolated portions of fibre in the 

form of opaque dots or points. 

Any of the vessels included under the Fibro-vascular tissue, may exhibit contractions 
at regular intervals, so as to become moniliform. 


CHAPTER II. 

COMPOUND ORGANS FORMED BY THE TISSUES. 

43. Some plants consist of cells only, which continue throughout 
life to produce new cells, and to perform all the vital functions. The 
great mass of flowering plants, however, although originally cellular, 
product? organs composed of cells and vessels variously arranged, and 
covered by an epidermis. These Compound Organs may be divided 
into Nutritive, or those concemetl in the nourishment of the plant ; and 
Reproductive , or those winch are employed in the production of new 
individuals. The former consist of the stem, root, and leaves ; the 
latter, of the flower and fruit. 


SECTION I.— ORGANS OF NUTRITION OR VEGETATION. 

1.— Structure, Arrangement, and Special Functions. 

44. Under this head will be considered the tissues of which the 
various nutritive organs are composed, the mode in which the parts 
are arranged, and the particular function which each of the organs 
performs. 
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GENERAL INTEGUMENT. 



45. General Integument is the mime given to the external cellular 
covering of plants. It can be 
easily detached from young 
leaves and stems, usually in 
the form of a colourless trans- 
parent membrane. By pro- 
longed maceration it has been 
shown to consist frequently of 
two layers; a superficial, called 
Cuticle or Pellicle (fig. 60 p p), 
and a deep layer, usually called 
the Epidermis (fig. 69 e e). 

46. The Superficial Pellicle 
( pellis , skin) is a very thin con- 
tinuous membrane, which is 
spread over all parts except the 
openings of the stomata; in some 
cases entering these openings, 
and lining the cavities beneath 

them. It is formed from the epidermal cells below it ; Treviranus, 
Schleiden, and Payen, considering it as a secretion on the outside 
of the cells, while Mold and Menfrey look upon it as composed of the 
altered primary walks of the colls. In fig. 70, it 
is represented as detached from the leaf of the 
cabbage, forming a sheath over the hairs, h h h A, and 
leaving slits, s #, corresponding to the openings of 
the stomata. This pellicle appears to be similar to 
the intercellular substance surrounding cells, and 
to the definite mucus which is conspicuous in some 
sea-weeds (fig. 29 A). It is possible that this 
matter, in place of being produced on the outside 
of cells, may be formed within them, and ulti- 
mately deposited externally by passing through 
their parietes. On the inner surface of the pel- 
licle the impressions of the epidermal cells are 
sometimes observed (fig. 69 p). The pellicle is 
the only layer of integument which is present in 
aquatic plants, and in some of the lower tribes. 

47. The Epidermis (stt/, upon, and bspfj.ee, sldn), (fig. 69 e e), 



is 


Fig. 69.— General integument of a leaf of Iris germanica. p p } The Cuticular pellicle with alita, 
/, lying upon the proper epidermis, ee, formed of hexagonal cells and furnished with stomata, as. 

Fig. 70, — Pellicle of Cabbage detached by maceration, covering the hairs, It hhh, and having 
openings, a a, corresponding to the stomata. 
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extended over all the parts of plants exposed to the air, except the 
stigma. On the extremities of newly-formed roots, the integument 
consists of loose cells, which are considered either as being the ordinary 
cellular tissue of the plant, or as being an imperfectly -formed epider- 
mis, which has received the name of Epiblama (scr/, upon, and /SX^/xa, 
wound, as being the tissue which first covers wounds). This latter 
kind of tissue occupies the place of the epidermis, in the parts of plants 
which are always under water. On the aerial roots of Orchidaceous 
plants, there is an epidermal layer consisting of spiral cells (fig. 23), 
containing air. 

48. The epidermis is usually formed by a layer or layers of com- 
pressed cells, which assume a more 
or less flattened tabular shape, and 
have their walls bounded by 
straight or by flexuous lines. Fig. 
09 e c, represents an epidermis 
formed of regular hexagonal cells; 
fig. 72, one composed of irregular 
hexagons; while in fig. 71, the 
boundaries of the cells, c, are flexu- 
ous and wavy. The cells of the epi- 
dermis are so intimately united 
together, as to leave no intercel- 
lular spaces (fig. 74 e e). 

49. The epidermis is sometimes 
thin and soft, at other times dense 
and hard. In the former case it 
may be easily detached from the 
subjacent cells; in the latter, the cells become thickened by deposits, 
and sometimes the layers are so produced as to leave uncovered spots, 




the l0Wer SUrfaCC ° f the leaf 0f Madder ^ ubia tiwtortm). e, Cell oi 

f ig. 72.— Epidermallayer, from upper surface of a leaf of Ranunculus aquatilis whon growing 
out of water, e e f Epidermal cells, sss s, Stomata. h 

Fig. 73.— Vertical section of lower epidermis of the leaf of Jlochm falmla. e a , Double epi- 
dermal layer, with very large external cells, small internal ones pierced by a stoma a. which 
communicates with a lacuna, l. p, Parenchyma of the leaf. ’ ’ 
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which communicate with the interior of the cell by canals passing 
through the thickening layers, as in Oycas. In Rocliea falcata (fig. 
73), the epidermis, e e, consists of two layers of cells — the outer ones 
large, the inner small. The cells of epidermis are usually filled with 
colourless fluid, but they sometimes contain resinous and other sub- 
stances. Waxy matter is occasionally found in the epidermis, silica is 
met with in the integument of grasses and Equisetums, and carbonate 
of lime in that of Ohara. The colour of the epidermis generally 
depends on that of the subjacent parenchymatous cells. The epider- 
mal cells are usually larger than those of the tissue below them ; but 
sometimes, for instance in Ficus elastica, they are smaller. 

50. Stomata (rfro/xa, a mouth) art* openings existing between some 
of the. cells of the epidermis on parts exposed to the air. They consist 
usually of two semilunar cells surrounding an oval slit or orifice (fig. 
69 s s, 71 6‘), which have been considered as resembling the lips and the 
orifice of the mouth. Stomata open or dost* according to the state 
of moisture or dryness in the atmosphere. By examining, under the 
microscope, thin strips of epidermis in a moist and dry state, it will 
be seen that in the former case the lips are distended, they assume 
a crescentic or arched form, and leave a marked opening between them ; 
while in the latter, they approach each other, and close the orifice. 

51 . The cells surrounding the openings of stomata are sometimes more 
numerous, as in Marchantia. In Ceratopteris thalictroides, Allman 
observed stomata formed by three cells; two of which, in their open 
condition, are crescentic and concave inside, while tin*, third surrounds 
them, except at a small space at the end of the long axis of the stoma, 
and has on this account been called peristo malic (egg/, around). In 
Equisetum, the stomata, which are about ^h) of ail inch in their great- 
est diameter, consist of four pieces; two of which are arched and thick 
at their outer convex margin, becoming thin at their inner concave 
edge, where two other bodies occur, having numerous processes like 
the teeth of a comb, hence called pectinate ( pecten , a comb). Occa- 
sionally the stomatic cells become united, so as to appear in the form 
of an uninterrupted rim ; and at other times the stoma is a minute 
orifice in the walls of a cavity. 

52. Stomata communicate with intercellular spaces (fig. 73 a, 74 $), 
the connection being sometimes kept up by means of a funnel-shaped 
prolongation of the cuticle, called, by Gasparrini, a cistoma (x/ffrfy a 
cyst or bag, and zrro/xa, a mouth). They are, scattered over the surface 
of the epidermis in a variable manner. Sometimes they are placed at 
regular intervals corresponding to the union of the epidermal cells 
(fig. 69,?); at other times they are scattered without any apparent 
order (fig. 71, 72); and in other instances they are united in sets of two 
or three, or in clusters at particular points, as may be seen in Begonia, 
Saxifraga (fig. 75 s $), and Proteacea?. 
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53. Stomata occur on the green parts of plants, especially on the 
leaves and their appendages. They are not usually found in cel- 
lular plants, nor in plants always submerged, nor in pale parasites. 



This is not, however, a universal rule, for stomata have been de- 
tected in Marchantia and some other Cellular ex; also in the sub- 
merged leaves of Erioeaulon setaceum, according to Griffith, and in the 
pale parasite Orobanehe Eryngii, according to Duchartre. They do 
not exist in roots, nor in plants kept long in darkness so as to be 
blanched or etiolated, and they are rare or imperfectly developed in 
succulent plants. 

54. Stomata vary in their form. 

The oval form is very common, 
and may be*, easily seen in Lili- 
aceous plants; the spherical oc- 
curs in Oncidium altissimum and 
the Primrose, the quadrangular in 
Yucca and Agave. In the Ole- 
ander, in place of stomata there 
are cavities in the epidermis pro- 
tected by hairs (fig. 76 s). 

55. The development of stomata has been traced by Mirbel and 
Mold. In the llyacinthus orientalis, they appear first between the 
epidermal cells in the form of quadrangular spaces containing gra- 
nular matter, which gradually collects towards the centre, where a 
septum or partition is formed. This septum ultimately splits, leaving 
a slit or opening which constitutes the stoma. Mohl has traced this 

Fig. 74. — V ertical section of epidermis, from the lower surface of the loaf of Madder, showing 
the intimate union of the epidermal cells, e c, the loose subjacent parenchyma, p, with intercel- 
lular canals, m, and lacuna, l. s } Stoma. 

Fig. 75. — Epidermis of leaf of Saxifrnga sarmentosa, showing clusters of stomata, a 8 , sur- 
rounded by large epidermal cells, ee. The cells among whieh the stomata occur are very small. 

Fig, 76.— Vertical section of lower epidermis of the leaf of Nerium Oleander, e, Epidermis 
composed of several layers of cellB. p, Parenchyma of the leaf, s, Cavity filled with hairs, which 
may represent a stoma. 
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process throughout the same leaf in different stages of growth. In 
Marchantia, Mirbel found several tiers of cells forming the stoma, and 
he supposed that the opening was produced by the absorption of a 
central cell, leaving the others to form the rim or border. 

5G. The number of stomata varies in different parts of plants. They 
are most abundant on the under surface of leaves exposed to the air, 
and are often entirely wanting on the upper surface, more especially 
when it has a dense shining cuticle. In floating leaves the stomata, 
when present, are on the upper surface only. When plants usually 
under water are made to grow tor some time in the air, their 
leaves exhibit stomata. When leaves grow vertically, the stomata are 
often equal in number on both sides. The number of stomata varies 
from a few hundreds to many thousands on a surface of one inch square. 
The following table exhibits the number of stomata in the leaves of a 
few plants : — 


STOMATA IN ONE INCH SQUAIIE. 

Upper side. 


Misleto, 200 

Tradesoantia, 2,000 

Rheum palmatum, 1,000 

Crmum amabile, 20,000 

Aloe, 25,000 

Clove-pink, 38,500 

Yucca, 40,000 

Mezereon, None. 

Pseony, None. 

Vine, None. 

Holly, None. 

Cherry-laurel, None. 

Lilac, None. 


Under side. 
200 
2,000 

40.000 

20.000 
20,000 
38,500 

40.000 
4,000 

13.000 

13.600 

63.600 

90.000 
160.000 


57. Appendages of the Epidermis, or Appendicular Organs* — 

The epidermis frequently exhibits projections or papillae on its surface, 
in consequence of some cells being enlarged in an outward direction 
(fig. 73 e e). When these assume an elongated or conical form they 
constitute hairs (pili or villi), as seen in (fig. 77 hhh). 

Ilairs, then, are composed of one or more transparent delicate cells 
proceeding from the epidermis, and covered -with the cuticle (fig. 
70). They arc erect (fig. 78 a), or oblique, or they lie parallel to 
the surface, and are adpressed. Sometimes they are formed of a 
single cell, which is simple and undivided, (fig. 78 a), or forked (fig. 
78 ft), or branched (fig. 78 c); at other times they are composed 
of many cells either placed end to end, as in momliform or neck- 
lace-like hairs (fig. 79), or united together laterally, and gradually 
forming a cone, as in compound hairs (fig. 80), or branched (fig. 81). 
When several hairs proceed from a common centre, they become stellate 
(stella, a star), or radiated (fig. 82). The latter arrangement occurs in 
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the hairs of the Mallow tribe, and is well seen in those of Deutzia 
scabra. y When stellate hairs are placed closely together, so as to form a 



sort of membranous expansion (fig. 83), a scale or scurf is produced. 
To such expansions of the epidermis the name lepis (Xzvig, a scale) 
is applied, and the surface is said to be hpidote. These scales have 
sometimes a beautiful silvery appearance, as in Elteagnus. Sur- 
rounding the base of the leaves of Ferns, a brown chaffy substance 


Fig. 77.— Young root of madder, showing cellular processes, p p p, equivalent to hairs, e. The 
epidermal cells which are not elongated. ’ 

Fig. 78.— Ilairs formed hy single cells of the epidermis, e. a, Simple hair. K Bifurcated 
hair of Sisymbrium Sophia, c. Branched hair of Arabis alpina. 

Fig. 79— 82.— Compound hairs formed hy the union of several cells, e, Epidermis. 79.Monili- 
form hair, from Lychnis chalcedonies. 80. Partitioned, unhranchcd lmir, from stem of Bryonia 
allja. 81. Partitioned, branched hair, from flow er of Nicandra anomala. 82. Stellate a star-like 
nair, irom leaf of Althaea rosea. 
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occurs, consisting of elongated cells, to which the name of rcmienta- 
corns hairs , or ramenta (r amentum, a 
shaving), has been given. In Palms 
also a similar substance occurs, called 
reticulum {reticulum, a net), or mattulla , 

{matta, a mat). Prickles or aculei, as in 
the Hose, (tig. 1 91 a), are hardened h airs 
connected with the epidermis, and differ 
from spines or thorns, which have a 
deeper origin, Metre are bristles or 
stiff hairs, and the surfaces on which 
they occur are said to be setose or seta- 
ceous. Some hairs, as those of Droscra, 
or sundew, have one or more spiral fibres in their interior. 

58. Various names have been given to the different forms of hairs: 
they are clavate or club-shaped {claims, a nail), gradually expanding from 
the base to their apex; capitate, having a distinct rounded head; rough 
or scabrous, with slight projections on their surface; hooked or uncinate 
(uncus, a hook), with a, hook at their apex pointing downwards and to 
one side ; barbed or ghchidiatc (y/sjjyjg, a barb), with two or more 
hooks around the apex; shield-like or peltate (pelta, a buckler), when 
attached by their middle, and projecting horizontally on either side (fig. 
84), as in many cruciferous plants; 
ciliated, (c/ilium, an eye-lash), when 
surrounding the margin of leaves. 

On the pod of the Cowitch (Mucuna 
pruritus), hairs are produced with 
projections on their surface, which cause great irritation when applied 
to the skin. In Venus’ Fly-trap (Ditmtva muscipula), stiff hairs exist on 
the blades of the leaf (fig. 1 80 e), which, when touched, cause their closure. 

59. Hairs occur on various parts of plants; as the stem, leaves, 
flowers, seed-vessels and seeds, and even in the interior of vessels. 
Cotton is the hair surrounding the seeds of Gossypium herbaceum. 
Hairs are developed occasionally to a great extent oil plants exposed to 
elevated temperatures, as well as on those growing on lofty mountains. 
When occurring on the organs of reproduction, they seem to be con- 
nected with fertilization, as the hairs on the style of Goldfussia or 
Ruellia, and the retractile hairs of Campanula. Different parts of plants 
are transformed into hairs; as may be seen in the flowering stalks of 
Rhus Cotimis, and in the calyx of Composite. 

GO. Names are given to the surfaces of plants according to the 
presence or absence of* hairs, as well as the nature of the hairs which 

Fig. 83. — Scale or scaly hair, from loaf of Hippophae rhamnoides. 

Fig. 84. — Peltate hair of Malpighia, rih arising from epidermis, e. < 7 , The gland which com- 
municates with the hair. 
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cover them. The following axe the more important terms: — Glabrous , 
smooth, having no hairs; hairy (pilaws), furnished with hairs; 
pubescent , covered with soft, short, downy hairs ; villous , having long, 
weak, often oblique hairs; sericeous , covered with long, closely ad- 
pressed hairs, having a silky lustre; hispid ( hispidus , hirtus ), covered 
with long stiff hairs not appressed ; hirsute , having long tolerably dis- 
tinct hairs, not stiff nor appressed; velvety (velutinus), with a dense 
covering of short down, like velvet ; tomentose , covered with crisp, 
rather rigid, entangled hairs like cotton, which form a sort of felt 
(tomentum); woolly , with long curled and matted hairs like wool; 
bearded , or stupose , (drier??, tow), when hairs occur in small tuffs. 

61. The hairs which are most frequently met with in plants are called 
lymphatic , from their not being connected with any peculiar secretion. 
Those, on the other hand, which have secreting cells at their base or apex, 
are denominated glandular , and are not to be distinguished from glands, 
under which therefore they will be considered. Lymphatic hairs occur 
on parts exposed to the air, and are wanting in blanched plants. On 
young roots, cellular projections of the cuticle are seen (fig. 77), which 
may be called radical hairs. Young leaves and buds are frequently 
thickly covered with protecting hairs. In this instance the hairs arise 
chiefly from the veins; and as the leaves increase in size, and the veins 
are separated, the hairs become scattered, and apparently less abun- 
dant. On the parts of the flower, coloured hairs occur which have 
been called corolline. 


62. Glands are collections of cells forming secretions. The term 
has been vaguely applied to all excrescences occurring on the surfaces 
of plants. They are either stalked ( petiolate , stipitate) or not stalked 



(sessile). The former 
may be called glandular 
hairs, having the secret- 
ing cells at the apex. 
Stalked glands, or glan- 
dular hairs, are either 
composed of a single cell, 
with a dilatation at the 
apex (fig. 85 a), or of 
several cells united to- 
gether, the upper one 
being the secreting or- 
e gan (fig. 85 ft). In place 
of a single terminating 



Fig. 86.— Glandular hairs, e, Epidermis, a , Hair formed by a single cell from Sisymbrium 
chilense. 6, Hairs formed of several cells terminated by a secreting cell, from flower-stalk of 
Antirrhinum majua. c, Hair composed of several cells, terminated by two secreting cells 
milted laterally, from flower-stalk of Lysimachia vulgaris, d, Compound hair, terminated 
by several secreting cells united end to end, from Geum urbanum. 
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secreting cell, there are occasionally two (fig. 85 c) or more (fig. 85 d). 
Hairs sometimes serve as ducts through which the secretion of glands is 
discharged; these are glandular hairs, with the secreting cells at the base. 
Such hairs are seen in the nettle (fig. 86), in Loasa or 
Chili nettle, and in Maipighia (fig. 84), and are commonly 
called stings. In the nettle they are formed of a single 
conical cell, dilated at its base (fig. 86 5), and closed at first 
at the apex, by a small globular button placed obliquely 
(fig. 86 s), This button breaks off on the slightest touch, 
when the sharp extremity of the hair enters the skin, and 
pours into the wound the irritating fluid which has been 
pressed out from the elastic epidermal cells at the base. 

When a nettle is grasped with violence, the sting is frac- 
tured, and hence no injury is done to the skin. The 
globular apex of glandular hairs sometimes forms a viscid 
secretion, as in the Chinese primrose and sundew. The 
hairs of the latter plant, by this secretion, detain insects 
which happen to light on them. 

63. When glands are sessile, they consist of epider- 
mal cells either surrounding a cavity, or enclosing small 
secreting cells. In fig. 87, is represented a gland taken 
from the flower-stalk of Dietamnus albus, cut vertically to 
show the cavity surrounded by cells, and filled with a m 
greenish oil; while in fig. 88, there is a gland with a short thick 
stalk, full of cells, taken from Rosa cent i folia. 

These figures show the transition from sessile 
to stalked glands. Some of the superficial cells 
of the epidermis are sometimes slightly elevated 
above the rest, and contain peculiar fluids. In 
the Ice-plant, the appearance of small pieces of 
ice on the surface is produced by cells contain- 
ing a clear fluid, which is said to have an alka- 
line reaction, while that of the tissue around 
the vesicles is acid ; in the Chick-pea, similar 
superficial cells contain a subacid fluid. Glandular depressions or pits 
occur, surrounded by secreting cells. At the base of the petals of 
the Crown-imperial, for instance, cavities are seen containing a lioney- 
like fluid, secreted by w r hat are called nectariferous glands. Cavities 
containing saccharine matter, surrounded by small thin-walled cells, 
are met with in the leaves of Acacia longifoiia, also in Viburnum 



.^8* 86* — Conical hair of ITrtica dioica, or common nettle, ending in a button or swellings, 
™i a dilatation or bulb at its base b, which is surrounded by epidermal cells u e. In the hair 
are currents of granular matter //. 

i / rora . flower-stalk of Dietamnus albus, cut vertically, showing central cavity 

’ greenish oil, and surrounded by a layer of colls c, which contain a red juice aiul 
ar « connected with the epidermis <?. 

Eig. 88. — Gland from Rosa ceutifolia. e, The epidermis. 
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tinus, and Clerodendron fragrans. The cavities communicate with the 
surface of the leaves fay means of canals. 

Glands are occasionally sunk in the epidermis, so as merely to have 
the apex projecting ; at other times they lie below the epidermal cells, 
as in the Myrtle, Orange, St. Johns- wort, and Rue. 

In the latter case they are sometimes called vesicular, 
and are formed fay cells surrounding cavities contain- 
ing oil (fig. 89). When they occur in the leaves, 
they give rise, when viewed fay transmitted light, to 
the appearance of transparent points or dots. Ver- 
ruca* , or warts, are collections of thickened cells on 
the surface of plants, assuming a rounded form, and 
containing starch or other matters. Lcnlicels , or Lenticular glands, are 
cellular projections on the surface of the hark, arising from its inner 
part 

64. The Special Functions of the Epidermis and its appen- 
dages, are to protect the parts beneath from various atmospheric 
and meteorological influences. In plants growing in dry climates, 
the epidermis is often very thick, and coated with a waxy secre- 
tion, to prevent too great, transpiration or exudation of fluids. In 
those which inhabit humid places, the epidermis is thin and absorbent; 
while in submerged aquatics, there is no proper epidermal cover- 
ing. The stomata regulate the transpiration, opening and closing 
according to the state of humidity and dryness of the atmosphere 
surrounding thorn. When a plant, is growing vigorously, the constant 
passage of fluids keeps the regulating cells around the stomata in a 
distended state, and thus opens the orifice; whereas, when the circulation 
is languid and the fluids are exhausted, the cells collapse and close 
the opening. The opinion that the succulency of plants is a sort of 
dropsical condition, caused fay the absence of stomata to carry off the 
fluids, has not been confirmed by observation. Hairs, according to 
their structure, serve various purposes. Lymphatic hairs protect the 
surface, and regulate evaporation. Plants thickly covered with 
hairs, as Vorbascum tlmpsus, have been known to resist well an 
extended period of drought. Glandular hairs, and glands in general, 
form secretions which are employed in the economy of vegetation, or 
are thrown off as excretions no longer fitted for the use of the plant 
itself. Many of these secretions constitute important articles of materia 
medica. Lenticels keep up a connection between the air and the inner 
bark, and probably perform the function of stomata in the advanced 
period of the growth of the plant They are considered, fay Docan- 
dolle and others, as being the points where young roots are produced 

Fig, 80. — Vesicular gland from Ruta graveolens, or Common Rue. g, Gland formed hv large 
transparent, cells, surrounding a central lacuna, l. e, Epidermis from* upper surface of the leaf 
uc,uc f Cells filled with Chloropbylle. 
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in certain circumstances, and on that account they have been called 
Rhizogevs Q/^ a, a root, and ymduv, to produce). They are conspi- 
cuous in Willows, the young branches of which form roots very 
readily when placed in moist soil. Some hairs occurring on the style 
of plants are called collecting hairs, from the functions which they per- 
form in taking up the pollen. In the species of Campanula, these hairs 
are so formed, that after the pollen has been discharged, their upper 
part is drawn within the lower. In many hairs a circulation of 11 1 lids 
takes place, connected apparently with their nutrition and develop- 
ment (fig. 80). In the moniliform purple hairs on the stamens of Trades- 
cantia, or Spiderwort, tins movement, may be easily seen under the 
microscope. The subject of the circulation in hairs will be considered 
under Rotation. 


STEM Oil ASCENDING AXIS. 

Forms of Stems. 

Gf>. The stem is that part of a plant which bears the leaves 
and flowers. It, receives the name of Caulls in ordinary herbaceous 
plants which do not form a woody stem, Truncus in trees, Candex 
in shrubs, Culm in grasses, and Stipe in Palms and Ferns. It is not 
always conspicuous. Plants with a distinct stem are called caules- 
cent; those in which it is inconspicuous are acanles. Some plants arc 
truly stemless, and consist only of expansions of cellular tissue, called 
a T/iaIlusp\w(\ hence are denominated ThaUogens , or Thallophgtes(t)uXLoc . , 
a frond, ysvvdstv, to produce, (purov , a plant). They have no true vas- 
cular system, but. arc* composed of cells of various sizes, which some- 
times assume*, an elongated tubular form, as in Ohara. The cells are 
sometimes united in one or several rows, forming simple filaments, 
ns in Conferva* ; or branched and interlaced filaments, as in some 
Fungi ; or membranous expansions, as in Lichens and sea-weeds. 

0(1. Stems have usually considerable firmness and solidity, but 
sometimes they are weak, and either lie prostrate on the ground, thus 
becoming procumbent , or climb on plants and rocks by means of suckers 
like the Ivy, being then called scan dent y or twist round other plants in 
a spiral manner like Woodbine, becoming volubile. Twining plants turn 
either from right to let i , as the French bean, Convolvulus, Passion- 
flower, and Dodder ; or from left to right, as Honeysuckle, Hap, and 
Tamus. Bryonia alba twines from right to left, and from left to right, 
alternately. Tn warm climates, twining plants ( lianas ) often form 
thick woody stems ; while in temperate regions they are generally 
herbaceous. Exceptions however occur in the case of the Clematis, 
Honeysuckle, and Vine, the woody stems of which have received the 
name of Surmentum (, mrmmtum , a twig, or cutting of a vine). Some stems 

c 
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are developed more in diameter than in height, and present a peculiar 
shortened and thickened aspect, as Testudinaria, or Tortoise-plant, and 
Cyclamen. 

67. Steins have a provision for a symmetrical arrangement of leaves 

and brandies ; nodes (nodus, a knot), or points whence leaf-buds are 
produced, being placed at regular intervals. No such provision occurs 
in roots which ramify irregularly, according to the nature of the soil. 
The intervals between nodes are called internodes . The mode in which 
branches come off from the nodes, gives rise to various forms of trees, 
such as pyramidal, spreading, or weeping ; the angles formed with 
the stem being more or less acute or oblique. In the Italian Poplar 
and Cypress the branches are erect, forming acute angles with the 
upper part of the stem ; in the Oak and Cedar they are spreading or 
patent, forming nearly a right angle ; in the weeping Ash and Elm 
they come oft* at an oblique angle ; while in the weeping Willow and 
Birch, they are pendulous from their flexibility. The comparative 
length of the upper and under branches, also gives rise to differences 
in the contour of trees, as seen in the conical form of Spruce, and the 
umbrella-like form of the Italian Pine (Pinna Pined). - - 

68. Plants which form permanent woody stems above ground, are 
denominated trees and shrubs, while those in which the stems die 
down to the ground, and are not persistent, are called herbs. The 
term tree (arbor) is applied to those plants which have woody stems 
many times exceeding the height of a man, the lower part free from 
branches being the trunk : a shrub (frutex) has a stem about three 
times taller than a man, and branches from near tin* base : an under- 
shrub (suffrutex) does not exceed the length of the arm ; while a bush 
(dumus) is a low diminutive shrub, with numerous brim dies near the 
base. The terms arborescent, fruticose , stiff rut loose, and duntose, are 
derived from these. 

69. Stems have usually a round form ; but they are sometimes com- 
pressed or flattened laterally, while at oilier times they are angular: 
being triangular, with three angles and three flat faces; trigonous 
(rfig, three, and ywwa, an angle), with three convex faces; triquetrous 
(triquetrum, a triangle), with three concave faces; quadrangular, or 
square; quinquangular, or five-angled; octangular, or eight-angled, &c. 

70. The stem has been called the ascending axis, from being devel- 
oped in an upward direction. It does not, however, always ascend 
into the air ; and hence stems have been divided into aerial, or stems 
wliich appear wholly or partially above ground ; and subterranean, or 
those wliich are entirely under ground. The latter are often called roots, 
but they are distinguished by producing leaf-buds at regular intervals. 
The following are some of the more important modifications of stems: — 
The Crown of the root is a shortened stem, often partially under ground, 
wliich remains in some plants after the leaves, branches, and flower- 
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stalks have withered. In this case the internodes are very short, and 
the nodes are crowded together, so that the plant appears to be stem- 
less. It is seen in perennial 
plants, the leaves of which die 
down to the ground annually. 

A Rhizome or root-stock (tig. 90 ), 
is a stem which runs along 
the surface of the ground, be- 
ing parti filly covered by the 
soil, sending out roots from its 
lower side, and leaf-buds from 
its upper. It occurs in Ferns, 

Iris, Hedychiuin, <fcc. By many 
the term rhizome is applied to stems creeping horizontally, whether 
they are altogether or only partially subterranean. A Pseudo-bulb is 
an enlarged bulbous-like aerial stem, common in Orchidaceous 
plants. It is succulent, often contains numerous spiral cells and 
vessels, and is covered with a thick epidermis. In the Kohl-rabi, 
a peculiar thickened turnip-like stem is met with. A Soboles is a 



creeping under-ground stem, sending roots from one part and 
leaf-buds from another, as in Couch grass, Carex arenaria, and Scir- 
pus lacustris (fig. 91). It is often called a creeping root. A Tuber 



Fig. 90.— Portion of Rhizome, r, of Con vail aria Polygonatum. a , A bud In the progress of de- 
velopment. b, A bud developed as a branch at the extremity of the rhizome. cc } Cicatrices or 
scars, indicating the situation of old branches which have decayed. 

Fig. 91, — Soboles, or Creeping subterranean stem, r, of Scirpus lacustris. / <?,/<?, Scales on the 
stem, p a , Aerial portion of the plant. 1 1, Level of the earth. 

Fig. 92, — Lower portion of a potato plant. 8 s, Level of earth, p a, p a, Aerial portion bearing 
leaves, t , Subterranean portion of stem or tubers. 2) tuber showing eyes or leal-buds, covered by 
scales, b, which are equivalent to leaves. 
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is a thickened stem produced by the approximation of the nodes 
and the swelling of the internodes, as in the potato (fig. 92 t). 
Tubers are sometimes aerial, occupying the place of branches, more 
especially when the potato has been made to grow in darkness. r Ihe 
eyes of the potato are leaf-buds. The ordinary herbaceous stem ot the 

potato, when cut into slips and planted, some- 
times forms branches from its base which 
assume the form of tubers. Those tubers 
occasionally become nodulated, or elongated, 
or curved in various ways. Arrow-root is 
derived trout the scaly tubers of Maranta 
arundinaoea. A Conn is a solid under- 
ground stem wl licit does not spread by 
sending out shoots, but remains of a rounded 
form, and is covered by thin scales <m 1 lie 
’ outside (fig. 93). It occurs in Colei rieum, 
Tulip, Crocus, and Gladiolus. It is distin- 
guished from a. root by sending off annually 
buds in the form of small conns or thick- 
ened brunches, either Irom the apex asin Gla- 
diolus, or from the side as Colehicum (fig, 
93 (C). These buds feed on the original 
conn, a\ and destroy it. It will be noticed ailer wards, when leaf-buds 
and bulbs are. considered. 



Internal Structure of Stems. 

73. Sterns, according to their structure, have been divided into three 
classes : — Exogenous fsjw, outward, and ysvvas/v, to produce), when the 
bundles of vascular tissue are produced regularly in succession exter- 
nally, and go on increasing indefinitely in an outward direction. Endo- 
genous (evdovj within), when the bundles of vascular tissue are produced 
in definite bundles and converge towards the interior, additions being 
thus in the first instance made intermdly. A erogenous (&xgo;, summit), 
when the vascular bundles are developed at the same time and not in 
succession, the addition to the stem depending on the union of the base 
of the leaves and extension of the growing point or summit. The plants 
which exhibit these three, kinds of stem, are distinguished also by the 
structure of their embryo. Thus exogenous stems are met with in plants 
having an embryo or genu which lias two cotyledons or seed-lobes, 
hence they are called Dicotyledonous (bk, twice, and xorvXrjbcbv. a seed- 
lobe); plants with endogenous stems have only one cotyledon, and are 
called Monocotyledonous (/Mvog, one); while plants with acrogenous sterns 

Fip. fl3.— Conn or under-ground stem of Colclncum autumnal? . r, Roots. /, Loaf, of, Ascend- 
ing axis of preceding year, withered, a ", Axis of the year, a'", Point 'where axis of next 
year would he formed. 
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have no cotyledons, and are called Acotykdonous (a, privative). The 
terms connected with the embryo will be afterwards fully explained. 

Exogenous or Dicotyledonous Stem. 

72. The Exogenous or Dicotyledonous stem characterizes the trees 
of tills country. It consists of a cellular and vascular system : the former 
including the outer bark, medullary rays, and pith; the latter, the 
inner bark, woody layers, and medullary sheath. In the early stage 
of growth, the young dicotyledonous stem is entirely cellular; but 
ere long fusiform tubes appear, funning bundles, having the appear- 
ance of wedges (fig. 1)4 w w) 
arranged in a circle round 
a central cellular mass of 
pith (fig. 94 />), which is 
connected to the outer part 
or bark) by means of cel- 
lular processes < '.ailed medul- 
lary rays (tig. 94 rrr). At 
first, the cellular portion is 
large, — the pith, bark, and 

o? lii n) p r p v' r 

rays occupying a large pox- ft* 

tion of the stem; but by degrees new vascular bundles are formed, which 
are deposited between the previous ones ( fig. 95 n a n). By this means 
the pith is more circumscribed, the medullary rays become narrow, and 
the bark more defined. Such is the structure presented by an annual 
herbaceous dicotyledonous stem, consisting of pith, a circle of fibro- 
vasoular and woody tissue, medullary rays, bark, and epidermis. 

73. The stems of trees and shrubs in tlieir young state exhibit an 
arrangement similar to that represented as occurring in the herbaceous 
stem (fig. 95), with this difference, that the vascular circle is more, 
firm and solid. As ligneous stems continue to grow, further changes 
take place by which their diameter is increased, and they are rendered 
more dense. The shoots or young branches given out annually, how- 
ever, are similar in structure to annual herbaceous stems; and in 
making successive sections from the apex of a branch, which is suc- 
culent and green, to the base of a trunk, which is comparatively dry 
and hard, the various changes which take place can be easily traced. 
Fig. 90 represents a thin horizontal or transverse section of the upper 
part of a young branch of Acer cam pest re. In the centre, m, is the 
pith, very large at this period of growth, and occupying at least one- 
lialf of the whole diameter, its cells diminishing in size as they approach 

Eipr. 04.— Young Dicotyledonous or Exogenous stum, w* w, Tabular bundles in the farm of 
wedges, p, l J i tli. r r r, Medullary rays. 

. Eig. 95.-— Same stem further advanced ; the letters as in fig. 94, n n n, now vascular wedges 
interposed between those first formed. 
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the circumference. Immediately surrounding the pith is a layer of a 
greenish hue, the medullary sheath, e m, from which the medullary 

rays, r m , proceed towards the cir- 
cumference, dividing the vascxdar 
circle into numerous compact seg- 
ments, which consist of woody ves- 
sels,/?/, and of porous vessels, v p. 
These are surrounded by a moist 
layer of greenish cellular tissue, c, 
called the cambium layer, which 
is covered by three layers of bark, 
\ f c "> e Ct > an d Pf la-ticiferous 
vessels, v /, the Avhole being en- 
closed by epidermis, e p. On 
making a thin vertical section of a 
portion of the same branch, and 
viewing it under the microscope, the parts composing the different por- 
tions become more obvious 
r (fig. 9 7). The pith, m, with its 

hexagonal cedis decreasing 
in size outwards, surrounded 
by a narrow fibro-vascular 
zone; the medullary sheath, 
consisting chiefly of spiral 
vessels, t; the medullary 
ray, r m; the vascular zone, 
consisting of porous vessels, 
v p, of kige diameter, and 
forming the large round 
apertures seen in a trans- 
verse section; the woody 
fibres, //, with their thick walls and smaller apertures; the inner bark 
or liber, / c, with the layer of cambium cells, c ; the second layer 
of bark, or the cellular envelope, e c, with the laticiferous vessels, vl; 
the outer or suberous layer of* bark, p ) with the thin layer of epider- 
mis, £ j p, having hairs scattered over its surface. 

74. Such is the structure of a young shoot during the first year of 
its growth. At the end of a second year the shoot is found to have 
increased in diameter by the formation of a zone of vessels consisting 
of porous and woody tissue, and a zone of fibrous bark, the medullary 
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rays being at the same time continued from within outwards. This is 
represented in fig. 98, where (1, 1) indicates the section of the stem of 


j? 



98 ter. 


the first year’s growth (the letters referring to the same parts as in figs. 
90, 97); and (2) shows the interposed zones of the second year, by 
which the diameter of the stem is increased. 

75. The Pitli* <>r the central part of a dicotyledonous stem, is com- 
posed of cellular tissue, 'which is developed in an upward direction, 
the cells diminishing in size towards the circumference, and being often 
hexagonal. In the young plant it, occupies a large portion of the stem, 
and sends cellular processes outwards at regular intervals to join the 
medullary rays (fig. 94, 95, p). The pith has at first a greenish hue, 
and is full of fluid, but in process of time it becomes pale-coloured, 
dry, and full of air. These changes take place first in the central cells. 
Sometimes the pith is broken up into cavities, which have a regular 
arrangement, as in the Walnut and the Jessamine; it is then called dis- 
coid or disciform (hkxoc^ a disc, from the circular partitions). At 
other times, by the rapid growth of the outer part of the stem, the 

Fig. 98. — Vertical flection of a branch of Acer cam pest re, two years old, where (1,1) indicates 
the portion formed the first year, and (2) that formed the second. The letters as in tig. 9(> and 97. 

Fig. 98 bin .*- .Certain parts of the preceding magnified in order to show the structure of the 
vessels and cells, as well as their form and direction. Fig. 98 ter , — A portion of a porous vessel 

magnified. 
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pith is ruptured irregularly, and forms large cavities, as in the fistular 
stem of Umbelliferous plants. Circumscribed cavities in the internal 
cellular portions of stems are by no means unfrequent, arising either 
from rupture or absorption of the cells. In some rare instances, ves- 
sels occur in pith, as in Elder, Pitcher-plant., and Ferula; and occa- 
sionally its cells are marked by pores indicating the formation of 
secondary deposits. The extent of pitli varies in different plants, and 
in different parts of the same plant. In Ebony it is small, while in 
the Elder it is large. In the ltiee-paper plant, a species of /Eschyno- 
rnene, the interior of the stem is occupied almost entirely by cellular 
tissue, which may be calk'd pith ; from this the paper is made by 
cutting thin sections in a circular manner. The same kind of tissue 
occurs in the Papyrus of the Nile. When the woody circle of the 
first year is completed, the pith remains stationary as regards its size, 
retaining its dimensions even in old trunks, and never becoming oblit- 
erated. 

70. Tl»e Medullary .Sheath, is the fibro- vascular layer immediately 
surrounding the pith. It forms the inner layer of the vascular bundle 
of tin* first year (lig. 97 t) 1 and consists chiefly of true spiral vessels, 
which continue to exercise their inactions during the life of the plant, 
and which extend into the leaves. With the spiral vessels there are a 
few woody fibres intermingled. The processes from the pith are pro- 
longed into the medullary rays between the vessels of the sheath. . 

77. Woody Layers. During the first year, the vascular circle con- 
sists of an internal layer of spiral vessels forming the medullary sheath, 
and external bundles of porous and ligneous vessels. In subsequent 
years the layer of spiral vessels is not. repeated, but concentric zones 
of porous vessels (fig. 98 tor . ), and pleurenchyma are formed, consti- 
tuting what are commonly called the woody circles of trees. The 
vascular bundles, from their mode of development in an indefinite 
manner externally, have been called Exogenous ; and, for the same 
reason, Schleiden lias denominated them Indefinite. Exogenous plants 
have sometimes received the name of Cycfayem (xvzXog, a circle), 
in consequence of exhibiting concentric circles in their stems. On 
a transverse section, each zone or circle is usually seen to be sepa- 
rated from that next to it by a well-marked line of demarcation. This 
line, as in the Oak (fig. 99, 100), and in the Ash, is indicated by 
holes which are the openings of large porous vessels; the remainder 
of the tissue hi the circle being formed by pleurencliyma, with 
thickened walls and of smaller calibre. In some trees, as the 
Lime, Hornbeam, and Maple, the line is by no means so well marked, 
as the openings are smaller and more generally diffused; but there 
is usually a deficiency of porous vessels towards the outer part of the 
circle. In cone-bearing plants, as the Fir, in which the woody layers 
consist entirely of punctated woody tissue (fig. 47), without any 
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large porous vessels, the line of separation is marked by the pleuren- 
chyma becoming dense and often 
coloured. Ill some kinds of wood, 
as Sumach, the zones are separated 
a marked development of cellular 
tissue. The separation between the 
zones is said to be owing to the 
interruption in the growth of the 
tree dining autumn and winter, and 
hence it is well defined in trees of 
temperate and cold climates. But 
even in tropica] trees, the lines, al- 
though often inconspicuous, are still 
visible ; the dry season, during which ^ 99 

many of them lose their leaves, being Iheir season of repose. 

7S. The woody layers vary in their texture at different periods. At 
first the vessels are pervious and full of fluid, hut by degrees thicken- 
ing layers are deposited which contract their canal, and 
obliterate it. The first- 
formed layers are those 
which sot most become thus 
altered, in old trees, there 
is a marked division be- 
tween the central Heart - 
wood or huromeu (darus^ 
hard), and the external 
Sap-wood or A Hwnam 
(< albus , white); the former 
being hard and dense, and 
often coloured, with its 
tubes dry and thickened; while the latter is less douse, is of a pale 
colour, and has its tubes permeable by fluids. The d life fence of colour 
between these two kinds of woods is often very visible. In the Ebony 
tree, the duramen, or perfect- wood, is black, and is the part used for 
fiirniture, &t\; the alburnmn is pale: in the Beech, theheart-wood is light- 
brown; in the Oak, deep-brown : in Judas tree, yellow: in Guaiacum, 
greenish. The alteration in colour is frequent in tropical trees. In 
those of temperate climates, called white-wood , as the, Willow and Pop- 

Fig. 99. — Horizontal section of the stem of an oak eight years ol<1 . />, Wood, showing con- 
centric, circles or zones, separated by points which correspond to the opening of the large porous 
vessels, or IlothrenchyTmi. e, Fork, showing also eight concentric circles, thinner and less 
distinct. The wood and hark are. traversed by medullary ra\s, some of which extend irorn the 
hark to the pith, and others reach only a certain way inw ards. 

Fig. lt)(>.— Horizontal section of two woody bundles of Cork-oak, separated troin each other 
by the medullary ray, r m'. The two primury bundles are divided hv secondary rays, r w , 
r m'" r m"", which vary in extent according to the period when they originated, tn, l*ith. e c, 
Fellular envelope, p, Corky envelope, which is highly developed and exhibits several layers. 
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lar, no change in colour takes place; this is also the case in the Chest- 
nut and Bombax. The relative proportion of alburnum and duramen 
differs in different trees. Duharnel says that in the oak, six inches in 
diameter, the alburnum and duramen are of equal extent; in a trunk 
one foot in diameter, they a, re as two to seven ; in a trunk two feet in 
diameter, as one to nine. The heart-wood is more useful than the sap- 
wood, and less liable to decay. The wood of different trees varies much 
in its durability. Pieces of wood, 2-| inches square, were bulled lo the 
depth of one inch in the ground , and decayed in the following; order: 
— Lime, American Birch, Alder, and Aspen, in three years ; Widow, 
Horse-chestnut, and Plane, in lour years; Maple, Bed Beech, and Birch, 
in live years ; Elm, Ash, Hornbeam, and Lombardy Poplar, in seven 
years; Bobiuia, Oak, Scotch Fir, Weymouth Pine, Silver Fir, were 
decayed to the depth of half an inch in seven years; while Larch, 
common Juniper, Virginian Juniper, and Arbor Vita?, were uninjured 
at the end of that time. 

71). From the mode in which the woody layers are formed, it is 
obvious that each vascular zone is moulded upon that which precedes 
it ; and as in ordinary cases each woody circle is completed in the 
course of one year, it lb! lows, that, by counting tin* concentric circles, 
the age of a tree may be ascertained. Thus fig. 99 represents an oak eight 
years old having eight woody layers, b. This computation can only be 
made in trees having marked separations between the circles. There 
are, however, many sources of fallacy. In some instances, by interrup- 
tion to growth, several circles maybe formed in one. year, and thus lead 
to an erroneous estimate. Care must be taken to have a complete section 
from the bark to the pith, for the circles sometimes vary iu diameter 
at different parts of their course, and a great error might occur from 
taking only a few rings or circles, and then estimating for the whole dia- 
meter of the tree. When by the action of severe Irost, and other 
causes, injury has been done to the tender cells from which the young 
wood is developed, while, at the same time, the tree continues to live, 
so as to form perfect woody layers in subsequent years; the date of 
the injury may be ascertained by counting the number of layers which 
intervene between the imperfectly formed circle and the "bark. In 
1800, a Juniper was cut down in the forest of Fontainbleau, exhibiting 
near its centre a layer which had been affected by frost, and which was 
covered by ninety-one woody layers, showing that this had taken place 
in the winter of 1709. Inscriptions made in the wood become 
covered, and may be detected in after years when a tree is cut down ; 
so also wires or nails driven into the wood. As the same develop- 
ment of woody layers takes place in the brandies as in the stem 
of an Exogenous tree, the time when a branch was first given off 
may be computed by counting the circles on the stem and branch 
respectively. If there are fifty circles for instance in the trunk, thirty 
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in one branch, and ten in another, then the tree must have been 
twenty years old when it produced the first, and forty when it formed 
the other, 

80. In Exogenous stems the pith is not always in the centre. The 
layers of wood on one side of a tree may be larger than those on the 
other, in consequence of more full exposure to light and air, or the nature 
of the nourishment conveyed, and thus the pith may become excentric. 
Zones vary in size in different kinds of trees, and at different periods of 
a plant's life. Soft-wood ed trees have usually broad zones, and old 
trees form smaller zones than young ones. There are certain periods 
of a plant's life when it seems to grow most vigorously, and to form the 
largest zones. This is said to occur in the oak between twenty and 
thirty years of age.* 

81. Cambium. — External to the woody layers, and between them 
and the bark, there is a layer of mucilaginous semifluid matter, which 
is particularly copious in spring, and to which the name of Cambium 
( cambio , to change, from the alterations that take place in it) lias been 
given (fig. 9(>, 97 c). In this are afterwards formed cells, called cam- 
bium cells, of a delicate texture, in which the protoplasm and primary 
utricle are conspicuous. These cells undergo changes, so as to assume 
an elongated fusiform shape, and ultimately become thickened pleurcn- 
chyma. So long as the primary utricle can he detected, they appear 
to be in an active state, and capable of developing new cells. This 
cambium layer marks the separation between the wood and the bark. 

82. Bark or Cortical ( cortex , bark) System, lies external to the wood, 
and, like it, consists of* several layers. In the early state it is entirely 
cellular, and is in every respect similar to the pith; but, as the vascular 
bundles are developed, the hark and pith are separated, and the former 
gradually becomes altered by the formation of secondary deposits. 
The bark consists of a cellular and vascular system. In this respect 
it resembles the wood, but the position and relative proportion of these 
two systems is reversed. In the bark the cellular system is external, 
and is much developed; while the vascular is internal, and occupies 
comparatively a small space. The cellular portion of the bark con- 
sists of an external layer, or Epiphhmm upon, on the outside, and 
£>Xo/o£, bark), and the cellular envelope, or Mesophlamm (fisab;, middle) ; 
while the vascular system forms the internal portion called Liber, or 
Endophlamm (evdov, within). 

83. The inner bark, or endophlamm (fig. 98 / c\ is composed of elon- 
gated pleurenchyma mixed with laticiferous vessels and some cellular 
tissue. It is separated from the wood by the cambium layer. Tin 1 pleu- 
renchymatous tubes are tliickened by concentric deposits in their 
interior, and thus they acquire a great degree of tenacity. The liber 
of the Lime tree and of Lopurandra saccidora (a species of Antiaris?), are 
used to form mats, cordage, and sacks ; and the toughness of the fibres 
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of the inner bark of flax, hern]), and of many of the nettle and mallow 
tribe, render them fit for various manufacturing purposes. The liber 
is sometimes called the bast-layer, from its uses. Occasionally it is 
continuous and uninterrupted, as in the Vine and Horse-chestnut.; at 
other times, as in the Oak, Asli, and Lime, the fibres are separated during 
the progress of growth, and form a sort, of net-work, in the interstices 
of which the medullary rays are seen. The fibres of the lace-bark 
tree {Layetta lintearia) are thus formed. In fig. 
101, is represented the*, bark of Daphne Lau- 
reola; /‘indicating the woody fibres of liber, and 
r the medullary rays. The emlophhvuin in- 
creases by layers on its inside, which are thin, 
and may be separated like the leaves of a book, 
and hence the application of the* name, liber. 

84. The cellular envelope*, or mesopldau.n, lies 
immediately on the outside of the liber. It con- 
sists of polyhedral, often prismatical cedis (tig. 
1)8 bis, e c), usually having ehlorophylle, or green 
colouring matter, in their interior, but some- 
times being colourless and containing raphides. 
They are* distinguished from those of the epi- 
phheum by their form and direction, by their 
thicker walls, their given colour, and the 
intercellular spaces which occur among them. 
This covering is usually less developed than the 
outer suberous layer, but sometimes, as in the Larch and common Fir, 
it becomes very thick, and separates like, the epiphlmtim. In the 
cellular envelope latieiferous vessels occur. 

85. The Epiphlaunn is the outer covering of the bark, consisting of 
cells which usually assume a cubical or flattened tabular form (fig. 98 
bis, p). The cells have no ehlorophylle in their interior, are placed 
close together, and are elongated in a horizontal direction; and thus 
they are distinguished from the cells of rnesophkeum. In the progress 
of growth they become often of a brown colour.. Tills covering may 
be. composed of a single layer of tabular cells; but in some trees it consists 
of numerous layers, forming the substance called cork, which is well seen 
in Quercus sober, the Cork-oak (fig. 1 00 p ) ; hence the name suberous, 
or corky layer, which is given to it. The form of its cells varies in 
some instances, being cubical at one part, and more compressed or tabu- 
lar at another, thus giving rise t.o the appearance of separate layers. 
After a certain period (sometimes eight or nine years), the corky portion 
becomes dead, and is thrown off in the form of thickish plates, leaving 
a layer of tabular cells or periderm below. On the exterior of the epi- 

Fig. 101.— Network formed by liber of Daphne. Laureola. //, Fibrous bundles, r r, Medullary 
rays. 
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phlceum is situated the epidermis, which has already been described 
(If 47). It is formed of a layer of cells, which in woody stems serve 
only a temporary purpose, becoming ultimately dry, and being thrown 
off in the form of plat es or shreds. 

86. The bark, in its increase, follows an order exactly the reverse of 
that which occurs in the woody layers. Its three portions increase by 
additions to their inside. The layers of liber owe their increase to the 
cambium cells, which, by their constant reproduction, mark the 
separation between the vascular bundles of the wood, and die fibres of 
the cndopliluMim. These layers are often so compressed and united 
together as to bo counted with difficulty, while at other times they are 
separated by rings of cellular tissue, and thus remain conspicuous. In 
the case of the cellular portions of the bark, there are also successive 
additions, sometimes to a great extent, but they do not usually exhibit 
any marked divisions. 

87. As the additions are made to the woody layers on the outside, 

and to the bark on the inside, there is a constant distension going on, 
by which the. bark becomes compressed, its layers of liber are con- 
densed, the fibres are often separated so as to form meshes (as in the 
lace-bark), its epidermis is thrown off, and the cpiphluuun is either 
detached along with it, or, when thick, is ruptured in various ways, so 
as to give rise to the rugged appearance presented by such trees as the 
Elm and Cork-oak. In some instances the bark is very distensible, 
and its outer cellular covering is not much developed, so that the 
surface remains smooth, as in the Beech. The outer suberous layer 
sometimes separates willi tin* epidermis, in thin plates or scales. 
In tbe Birch, these have a white and silvery aspect. There is thus a 
continual destruction arid separation of different portions of the bark. 
The cellular envelope and liber may remain while the epiphloeum 
separates, or they also may be. gradually pushed off- — the parts which 
were at first internal becoming external. In the case of some Australian 
trees, both the cellular and fibrous portions are detached in the form 
of thin flakes, and occasionally each annual layer of liber throws off' 
that which preceded it. The epidermis separates early, and no renewal 
of it takes place. There is, however, an internal covering, which is 
formed of various portions of the bark. To this covering the name 
Periderm (wsg/', around, and skin) has been given by Mold. 

88. From the mode in which the outer layers of bark separate, it 
folio a vs that inscriptions made on them, and not extending to the wood, 
gradually fall off and disappear. A nail driven into these* layers 
ultimately falls out. In consequence of the continued distension of an 
exogenous stem, it- is found that woody twining plants cause injury, by 
interrupting the passage of their fluids. A spiral groove may thus be 
formed on the surface of the stem, by the compression exercised by a 
twining plant, such as honeysuckle. From what has been stated rcla- 



46 


EXOGENOUS STEM. — RAYS. 


tive to the changes which take place in the bark, it will be understood 
that it is often difficult to count its annual layers, so as to estimate the 
age of the tree by means of them. Tliis may, however, be done in some 
cases, as shown at fig. 99, where there are eight layers of bark, <?, cor- 
responding to eight woody layers, b. 

89. Medullary Rays or Plates. — While the bark and pith become 
gradually separated by the intervention of vascular bundles, the con- 
nection between them is kept up by means of processes called medul- 
lary rays (fig. 94, 95 r). These form the silver grain of carpenters; 
they communicate with the pith and the cellular envelope of the bark, 
and they consist of cellular tissue, which becomes compressed and flat- 
tened so as to assume a muriform appearance (fig. 102 m 7*). At 
first they occupy a large space (fig. 91 r ) ; but as the vascular bundles 
increase', they become more and more narrow, forming thin lamirne or 
plates, which separate the woody layers. < )n making a transverse or hori- 
zontal section of a woody stem, the medullary rays present the aspect of 
narrow lines running from the centre to the circumference (fig. 99, 100 
r m) ; and in making a vertical section of a similar stem through one 
of the rays, the appearance represented in fig. 102 will be observed, 
where a medullary ray, m r, composed of flattened muriform cells 





passes from the pith, y>, to the cellular envelope, c e, crossing the 
tracheae of the medullary sheath, t , the ligneous tissue, /, the porous 
vessels of the wodtl, 2>, and the fibres of the liber, c f The laminae do 
not by any means preserve an uninterrupted course from the apex to 


Fig. 102. — Vertical section of a one-year old branch of Acer campestro highly magnified, and 
extending from the pith to the hark, parallel to the medullary rays, m r, A medullary ray or 
plate extending from the pith, p, to the bark, e e, crossing tracheae, t, woody fibres, l\ porous 
vessels, b, and cortical fibres, c /. * 

Fig. 108.— Vertical section of the same branch perpendicular to medullary rays. I z, Wooay 
fibres which Interlace, leaving spaces, m r, m r, m r, where the medullary rays pass. 
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the base of the tree. They are broken up by the intervention of woody 
fibres, as seen in a vertical section of a woody stem (fig. 108), perpen- 
dicular to the medullary rays m r, m r, m r, which are separated by 
interlacing woody fibres, 1 1. The medullary rays are usually continu- 
ous from the pith to the bark, additions being made to them as they 
proceed outwards. But, occasionally, secondary rays arise from the 
outer cells, which pass only to a certain depth between the vascular 
bundles, as in the Cork-oak (fig. 100, r in'", rm” rm ""). Medul- 
lary rays are conspicuous in the Cork-oak, Hazel, Beech, Ivy, Clematis, 
Vine. They are not so well marked in the Lime, Chestnut, Birch, 
Yew. 

Anomalies in the Structure of the Exogenous Stem. 

90. The stems of Dicotyledonous plants occasionally present anomalous 
appearances in the structure and arrangement of their wood, bark, and 
medullary rays. In place of concentric circles, there are sometimes only 
a few rows of wedge-shaped vascular bundles produced during the life of 
the plant, additions being made by the interposition of bundles of a simi- 
lar kind annually, resembling in this respect the formation of woody 
bundles in the early growth of herbaceous plants (fig. 95). In the 
Pepper tribe, Ari stolochiacea*, and Menisperrnacea*, these anomalous 
stems occur. In Gnetum (fig. 104), the vascular bundles, bbhbbb b, 
form zones, which are each the produce of several years’ growth, and 
arc separated by layers, 1 1 till, which may be considered as repre- 
senting different zones of liber. 

In some of the Menisper- 
irmm tribe, the separating lay- 
ers are of a cellular and not 
of a fibrous nature. In Bai ii s~ 
teria nigrescens (fig. 105), the 
young stem (1) presents a 
four-lobed surface ; the lobes 
gradually deepen (2), and ulti- 
mately (3) the stem is divided 
into a number of separate por- 
tions, the central one of winch 
alone exhibits pith and medul- 
lary rays. The portions axe 
separated by interposed cortical layers. 

Many of the Malpighiacese, Sapindaceee, and Bignoniaceae of Brazil, 
exhibit stems in which the woody layers are arranged in a very irregu- 
lar manner. In the stem of Calycanthus fioridus, and of some Bra- 

Wig. 104. — Horizontal section of stem of Gnetum. m, Pith, e m, Medullary sheath, bhb 
bob b } Woody bundles forming seven concentric zones, each of which is the produce of several 
years. I Hilly Fibres ofliber forming interposed circles, equal in number to tho woody zones. 
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zilian Sapindaccte, such as PauUinia pinnata (fig. 106), Serjania tri- 
ternata, and Selloviana, there is a central woody mass with from tliree 
to ten small secondary ones around it. Each of the masses contains 
true pith, apparently derived from the cortical cellular tissue, or from 
the original medullary centre. Gaudiehaud and Jussieu state that 
around these separate collections of pith, there is a medullary sheath 
and spiral vessels. No annual rings have been detected in the 
secondary masses, but medullary rays exist, usually in their outer 
portion (fig. 106). In these anomalous Sapindaeeic, the central and 
lateral woody masses are enclosed in a common bark, with a continu- 
ous layer of liber. Some have, supposed that the lateral masses are 
undeveloped branches united together under the bark; but Treviranus 
considers them as connected with the formation of leaves, and as de- 
pending on a peculiar tendency of the vascular bundles to be devel- 
oped independently of each other round several centres. 
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In some Bignoniaeoic (fig. 107), the layers of wood are divided in 
a crucial manner into four wedge-shaped portions by the intervention 
of plates differing in texture from the ordinary wood of the plant, and 
probably formed by introversion, or growing inwards of the liber. In 
some Guayaquil Bignonias, Gaudiehaud perceived first four of these 
plates, next eight, then sixteen, and finally thirty-two. In Aspido- 
spermum excelsum of Guiana, and in Heteroptcrys anomala (fig. 108,) 

Fig. 105. — Horizontal section of stem of Banisteria nigrescens at different ages. 1. Stem 
presenting four superficial lobes. 2. Showing six deeper lobes, with intermediate divisions. 3. 
The lobes separated by cellular tissue, the middle one alone having pith and medullary sheath. 
The points indicate the orifices of porous vessels. 
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the stem assumes a peculiar lobed and sinuous aspect, and in some woody 
climbing plants, pressure causes the stems to become flattened on the 
side next the tree on wliich they are supported, while from being 
twisted alternately in different directions, they present a remarkable 



zigzag form, having the woody layers developed only on one side (fig. 
109). In Firs, the wood is occasionally produced in an oblique in 
place of a perpendicular manner, thus injuring the timber, and causing 
it to split in an unusual way. The young plants produced from the seed 
of such twisted-wooded firs, are said to inherit the peculiarity of their 
parents. 


Fig. 106. — Horizontal section of the stem of Paullinia pinnata, one of the Sapindacete of 
Brazil, showing numerous secondary woody masses, surrounding a central one. Each of the 
separate masses has pith, often eccentric, with a medullary sheath, containing spiral vessels, 
and a few' medullary rays chieily towards the circumference of the stem. 

Fig. 107. — Horizontal section ol" the stem of Bignonia capreolata, showing the crucial division 
of the woody layers. 

Fig. 108. — Horizontal section of stem of Hetoropterys anomala, one of the Brazilian Mal- 
plghiaceai, showing an irregularly lobed surface. The dots indicate porous vessels. 

Fig. 109.— Fragment of a stem of a climbing species of Banistena (B. scandens) showing 
the effects of compression. 

D 
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Endogenous or Monocotyledonous Stem . 

91. This kind of stem is composed of cells and vessels which are 
differently arranged from those of the Exogenous stem. The vascular 
bundles are scattered through the cellular tissue, and there is no dis- 
tinction of pith, wood, bark, and medullary rays (fig. 110). In the 

young state, the centre of the stem is occupied 
entirely by cells, which may be said to represent 
pith, and around tins the vessels are seen increas- 
ing in number towards the circumference. The 
central cellular mass has no medullary sheath. In 
some cases its cells are ruptured, and disappear dur- 
ing the progress of growth, leaving a hollow cavity 
(fig. Ill); but in general it remains permanent, 
and is gradually encroached upon by the develop- 
ment of the vascular system. The latter consists 
of vessels arranged in definite bundles, which do 
not increase by additions to their outside after 
being once formed, although they are developed 
in a progressive manner. These bundles may be 
considered as representing the vascular wedges, 
produced during the first year of an exogenous 
stem’s growth (fig. 94). They consist of woody 
vessels enclosing some cellular tissue between 
them, spiral, and porous vessels. The outer part 
of the stem is not formed by a separable bark, but consists of a dense 
mass of fibrous tissue, mixed with laticiferous vessels and cells. It is 
intimately connected to the inner part of the stem, without the inter- 
vention of medullary rays. 

92. On milking a transverse section of a young endogenous stem (fig. 
112), there is observed a mass of cells or utricles, u, of various sizes, 
often small in the vicinity of the vascular bundles, spiral vessels or 
trachea*,, £, large porous vessels, v p, laticiferous vessels, Z, and woody 
fibres, fi resembling those of liber, thickened by internal deposits. A 
similar section of a further advanced endogenous stem, as of a Palm 
(fig. 113), shows numerous bundles of vessels dispersed irregularly in 
cellular tissue ; those near the centre, w, being scattered at a distance 
from each other, while those towards the outside are densely aggre- 
gated, so as to form a darkish zone, Z>, and are succeeded at the circum- 
ference by a paler circle of less compact vessels, Z, with some compressed 

Fig. 110.— Part of the stem of Asparagus cut transversely, showing the vessels as points dis- 
tributed through the cellular tissue. l } Leaf in the form of a scale. 

Fig. 111.—' Transverse section of stem of Fliragmites communis, or common reed. The cellu- 
lar tissue in the centre has disappeared, leaving a fistular or hollow stem, with a ring of cells 
and vessels, the latter indicated by dots, n, Node where the fibres cross, so as to form a solid 
partition. 
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cells, covered by an epidermis, e. The periplierical portion, Z, differs 
from true bark, in not being separable from the rest of the tissue. It 
has received the name of false bark, and consists of the epidermal cells, 



c, and what has been called the cortical integument, Z. This portion 
of the stem is often very inconspicuous, but sometimes it is much 
developed as in Testudinaria elephantipes, in which it is rugged, and 
is formed of a substance resembling cork in many respects. 

93. Mohl states that, in the stem of a Palm, there may be distin- 
guished a central region, a fibrous layer, and a cortical region ; and 
the same divisions are j jointed out by Ilcnfrey hi the stem of Spar- 
ganium ramosum and other monocotyledons. The central portion, 
representing the pith of dicotyledons, consists in Spargamum of 
spherical cells containing starch, while the cortical or outer portion is 
formed by irregular cells, winch are usually destitute of starch. 

94. It was at one lime supposed that the woody portion of these 
stems was increased by additions to the centre, so that the first -formed 
fibres were gradually pushed towards the circumference by those which 
succeeded them, in the manner represented in fig. 114, 1: hence 
the term Endogenous (svdov, within, and ywao), to produce), meaning 
internal growth. But Mohl showed that this was not strictly correct. 
For although the fibres connected with the leaves, in the first instance, 
are directed towards the centre, and lire therefore always internal to 
those previously formed, yet, when they are traced downwards, they are 


Fig. 112. — Horizontal section of a vascular bundle from the stem u « * v y . 

Trachea 1 *, or spiral vessels, v p, Large porous vessels, w, Cells or utricles of various kinds 
surrounding the vessels, and forming the parenchyma. I, Laticiferous vessels. /, Fibres analo- 
gous to those of liber, thickened l>y concentric deposits. 

Fig. 113.— Transverse section *of part of the stem of a Palm (Astrocaryum, Murumura). 

Central or med Hilary portion in which the woody bundles are distant and scattered. &, External 
woody portion, where the fibres are numerous and densely aggregated, so as to form a dark 
zone, ^ Paler circle of more slender and less compact fibres, which may be considered as analo- 
gous to liber, e , Cellular epidermal portion. 



52 


ENDOGENOUS OR MONOCOTYXEDONOUS STEM. 


found not to continue in a parallel direction, but to arch outwards, so 
as ultimately to reach the circumference. Hence, the newly-formed 
fibres really become external at the base, although internal above. 
On making a vertical section of an endogenous stem, as of a Palm, 
there is observed an interlacing of fibres, similar to what is represented 

in fig. 114, 2, where the four vas- 
cular bundles, abed , are first 


d 
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directed towards the centre, and 
d then carve outwards towards the 
circumference, so that those last 
formed idtimately become external. 
r ihe term Endogenous, will, there- 
fore, only apply strictly to the 
fibres at the early part of their 
course. On this account, the terms 
C Endogenous and Exogenous have 
been recently discarded by many 
writers, the terms Monocotyledon- 
ous and Dicotyledonous being sub- 
stituted. The true distinction 
between Exogenous and Endogen- 
ous stems consists in this, that in 
j the former, the woody or vascular 
bundles increase indefinitely at 
their periphery, while in the latter, 
they are arrested in their transverse 
growth at a definite epoch. 

95. The composition of the vas- 
cular bundles, in different parts of 
their course, vary. Thus, at the 
a upper part, where they proceed 
from the leaves towards the centre, 
they contain spiral vessels, porons 
vessels with some cellular tissue, a 
few laticiferous vessels, and woody 
fibres resembling those of liber (fig. 
112). As the bundles descend, the 
spiral vessels disappear, then the 
porous vessels, and when they have 
reached the periphery, and have become incorporated with it, nothing 
but fibrous tissue, or pleurenchyma, remains, forming by its division a 
complicated anastomosis, or net-work. Thus, at the commencement 


Fig, 114. — Figures to represent the arrangement of four pairs of vascular bundles (a a, b b, 
cc t dd), in endogenous steins. 1. According to the old idea of internal development through- 
out the stem. 2. According to the view of Mohl, who has shown that the fibres interlace, and 
that those which are at first internal, become external, lower down. 
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the bundles are large, but as they descend they usually become more 
and more attenuated. In some instances, however, as in Ceroxylon 
andicola, they increase at different parts of their course, probably by 
interstitial growth, and give rise to irregular swellings of the stem. 
This distension takes place occasionally at the base of the stem, as in 
Euterpe montana. 

96. There are many herbaceous plants in this country, as Lilies, 
Grasses, &e., having endogenous stems, in which the course of the 
vascular bundles may occasionally be traced, but there are no British 
endogenous plants with permanent aerial woody stems. All the British 
trees are exogenous. Illustrations of endogenous stems must therefore 
be taken from trees of foreign countries. Palms furnish the best exam- 
ples. In them the stem forms a cylinder of nearly uniform diameter 
throughout. The leaves are produced from a single terminal and cen- 
tral bnd, called a Pliyllophor , or Phyllogen , (piAXov, a leaf, and psgw, to 
bear, or ymaoj, to produce). Connected with the leaves are the vascu- 
lar bundles, and the bases of the leaves remain attached to the outer 
part of the stem, surrounded hy the mattulla or reticulum (f 57). 
While tlie leaves produced by one bud decay, another bud is developed 
in the centre in a similar manner. As the definite vascular bundles 
are produced, the stem acquires increased thickness, but it is arrested 
in its transverse diameter at a certain epoch. The bundles, although 
developed progressively, do not multiply indefinitely ; and thus a 
Palm stem seldom becomes of great diameter. 

97. In consequence of this mode of formation, the outer part of a 
Palm stem is the hardest and densest, and after acquiring a certain 
degree of solidity, it resists all further distension, and frequently be- 
comes so hard as to resist the blow of a hatchet. It has been already 
stated, that in the exogenous stem, provision is made for unlimited 
extension laterally, by the development of indefinite bundles of woody 
fibres and vessels, and the formation of a separable bark which can be 
thrown off ; but in the endogenous stem there is no such provision. 
Hence, when the first-formed part of the stem has increased to a cer- 
tain amount, its progress is stopped by the hard in distensible outer 
fibrous covering; and the same thing takes place with the other parts 
in succession, till at length all have acquired a comparatively uniform 
size, as is seen in the coco-nut palm (fig. 115, 1). In consequence of 
the small lateral increase of Palm stems, a woody twining plant does 
less injury to them than to trees of exogenous growth. 

98. The growth of endogenous stems may be said to resemble the 
upward growth of Exogens by terminal buds only, for there is no cam- 
bium layer, and no peripherical increase. Hence, in Palms, the ter- 
minal shoot is developed, but there are no annual rings. Tlie harden- 
ing of the stem depends, in all probability, partly on internal changes 
in the woody fibres, similar to what takes place in the heart-wood of 
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Exogens. Occasionally, at the upper part of a palm stem there is an 
appearance of zones, but it does not continue throughout the stem. 
From the absence of concentric circles, the age of a Palm cannot bo 
estimated in the same way as an exogenous tree. The elongation, 

however, of each species of Palm 
is pretty regular, and by it an 
opinion may be formed of the 
age. The rings on the surface 
of the stem are not indicative of 
yearly growth. 

P9. in Palms, there is in gen- 
eral no provision for lateral buds, 
and no branches are formed. 
Hence, destroying the central 
bud will kill the tree. In some 
Palms, however, as the Hoorn 
palm of Egypt (Gad fir a thebaica ), 
the stem divides in a forked or 
dichotomous two ways, 

and rfivoj, to cut,) manner. 
Gardner, in his travels in Brazil, 
noticed a Palm in which the cen- 
tre bud had been destroyed, and 
two side ones had been produced, 
so as to give it a forked appear- 
ance. Other plants with en- 
dogenous stems, also produce 
lateral buds. In fig. 115, 2, there 
is a representation of such a stem, 
in the case of the Screw-pine 
(Pandanus odoratissimns ), and examples are seen in Grasses, as the 
Bamboo, Asparagus, Asphodels, and Dracaenas. In these cases, the 
stem is conical, like that of Exogens, and the destruction of the ter- 
minal bud is not necessarily followed by the death of the plant. The 
development of’ lateral buds is accompanied often by an increased 
diameter of the stem. A Dracaena in the Canary Islands, has a hollow 
stem capable of holding several men ,* and the fact of its living in this 
state, is marked by Jussieu as an argument against the strict endoge- 
nous formation ; for, if the centre were the youngest and newest part, 
its destruction would put an end to the existence of the tree, in the 

F!g. 115.— Two endogenous or monocotylndonous trees, belonging to two different families. 
1. Cocos nucifera, or coco-nut, belonging to tlie Palm family. 2. Pandanus odoratissimus, or 
screw-pine, belonging to Pandanacea 1 . The first has a simple unbranchcd stem, with a duster 
of leaves at the summit; the second has a branched stem, with numerous leafy clusters, and 
peculiar aerial roots, proceeding from different parts of the stein. Two htunan figures are given 
to indicate the height of the trees. 
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same way as the removal of the outer part of the wood would destroy 
an exogenous stem. The branches in such plants are formed on the 
same principle as the stems ; but their fibres, when reaching the stem, 
do not proceed to the centre, but extend outside the previous layers, 
between them and the outer false bark (fig. 113 l e), and thus it 
is that they give rise to lateral increase. In Grasses, the stem 
or culm is usually hollow or fistular (fig. Ill), in consequence of 
the outer part, by its rapid increase, causing the rupture and ulti- 
mate disappearance of the internal cellular portion. The fibres in 
some Grasses cross from one side to the other, forming partitions, as 
in Bamboo. 

100. In ninny Endogenous or Monocotyledonous plants, the stem 
remains below ground, developing shoots which are simple, as in 
Banana and Plantain, or branched, as in Asparagus. In the former, 
the stem above ground is an herbaceous shoot, composed of the 
sheaths of the leaves. It dies after fruiting, and is succeeded by 
other shoots from the subterranean stem. The shoots or buds from 
such stems occasionally remain below ground in the form of bulbs, 
as in Lilies. 

101. In some instancies, the aerial stem has the usual endogenous 
structure, while the under-ground stem has the vascular bundles 
developed in the form of wedges, with cellular tissue in the centre, 
thus resembling some Exogens. The structure has been remarked in 
the Smilax or Sarsaparilla family. Bindley calls these plants Dictyogens 
(hixruQv, a net), from their netted leaves, a character by which they 
differ from other Endogens. Ilenfrey holds that the ring of woody 
fibres in Tamils and Smilax, is merely an alteration of the parenchy- 
matous cells of the periphery, and is not produced, as some have sup- 
posed, in the same way as the zones of Dicotyledons. He considers 
this ring as probably analogous to the liber, and not to the inde- 
finite vascular bundles of Exogenous stems. 

Acrogenous or Acotyledonom Stem . 

102. This stem, in its general external aspect, resembles that of 
Endogens. It is uiibranclied, usually of small, nearly uniform diameter, 
and produces leaves at its summit. It is easily distinguished by its 
internal structure. Tree Ferns furnish the best example of tliis kind of 
stem. In them it is denominated a Stipe, or a Hachis , and often attains 
the height of 120 feet (fig. 116). A transverse section of the stem 
(fig. 117) exhibits a circle of vascular tissue composed of masses, z /, 
of various forms and sizes, situated near the circumference ; the centre, 
m y being either hollow or formed of cellular tissue. On the outside 
of the vascular circle, cells exist, p, covered by an epidermal layer or 
cellular integument, e, often of hard and dense consistence, formed 
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originally by the bases of the leaves, which remain for a long time 
attached to the stem. 

1 03. The vascular bundles are formed 
simultaneously, and not progressively 
as in the stem already noticed; and 
additions are always made in an up- 
ward direction. The stem then is 
formed by additions to the summit, 
and by the elongation of vessels already 
formed ; hence, the name Acrogcnous 
(ayt^og, summit). The leaves unite by 
their bases to form the stem, and the 
arrangement of their vessels is traced 
into it. The vascular system is of 
greater density than the rest of the 
tissue, and is usually distinguished by 
the dark colour of the pleurenchyma 
(fig. 117/), which surrounds the paler 
vessels in the centre (lig. 117 vv). 
The vascular bundles do not follow a 
straight course, 1 nit unite and separate, 
leaving spaces between them, similar 
to those seen in the liber of Exogens 
(fig. 101). 
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Pig. 116.— Tree fern (AlsopUla perrotetiana ), of the East Indies. Stem or stipe is cylindri- 
cal, unbranched, and presents at its base, r a, a conical enlargement, formed by a mass of 
adventitious roots. The leaves are terminal, and in the young state are roiled up in a 
circinate manner. 

Fig. 117.— Transverse section of the stem of a Tree fern ( Cyatftca)* m, Cellular tissue, corre- 
sponding to pith, occupying the central part, z l, Vascular circle composed of numerous irregu- 
larly-formed masses. /, Dark-coloured woody or prosenchymatous fibres, forming the borders 
of the vascular masses, v v, Pale-coloured vessels, chiefly scalariform, occupying the centre of 
the masses. », Parenchymatous or cellular external zone, often communicating with the central 
portion, e, Hal’d epidennal envelope, occupying the place of the bark. 
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104. The acrogenous stem in the young state is solid, but it fre- 
quently becomes hollow in the progress of growth, by the rupture and 
absorption of the walls of the cells in the centre. The bases of the 
leaves remain long attached, but ultimately fall off, leaving marked 
scars which are at first close together, but often separate afterwards 
by interstitial growth. On these scars or cicatrices ( cicatrix , a wound), 
the markings of the vessels are easily seen, arranged in the same man- 
ner as those of the stem with which they are continuous. The vascu- 
lar system of ferns consists chiefly of scalariform vessels (fig. G2), 
mixed with annular (fig. 57), and porous vessels (fig. 98 ter). There 
are no true tracheae with fibres which can be unrolled. In the stems 
of Lycopodiaceac, closed tracheae or ducts (H 84) occur; and in Equi- 
setaceae, the rings of the annular vessels arc closely united. 

105. The stem of Ferns is generally of small diameter ; it does not 
increase much laterally, after having been once formed, and it does not 
produce lateral buds. Sometimes it divides into 
two (fig. 1 1 8), by the formation of two buds at its 
growing point. This, however, is an actual divi- 
vsion of the stem itself, and differs from the branch- 
ing of Exogenous and Endogenous stems. In the 
Ferns of this country, the stems usually creep 
along and under the ground, and the leaves which 
they produce die annually without giving origin 
to an elevated trunk. In the common Brake 
(Pteris aquilina ), the arrangement of the vascular 
system may be seen by making a transverse section 
of the under-ground stem. The plant has received 
its name aquilina , from a supposed resemblance to 
a spread eagle, presented by the vessels when thus 
cut across. 

300. In some Thallogem, which have been noticed as being stem- 
less, the thallus or frond is supported by a stalk, in which there are 
concentric circles, with divisions in the form of rays, and a sort of 
pith. These are all forms of cellular tissue, however, without any 
woody fibres. These appearances are presented by some large ant- 
arctic sea-weeds, species of DTTrvillea, and by some lichens, as Usnea. 

107. There are thus three kinds of stems in the vegetable king- 
dom : — 

1 . — Exogenous or Dicotyledonous , having a separable bark; distinct 
concentric circles, composed of progressive indefinite vascular bundles, 
increasing at their periphery, the solidity diminishing from the centre 
towards the circumference ; pith, enclosed in a longitudinal canal or 

Fig. 118. — Vertical section of part of the forked stem or stipe of Alsophila perrotetiana. on, 
Cellular central portion, e l, z l, Vascular zone, consisting of woody fibres and scalariform 
vessels. The forking is caused by an actual division of the stipe. 
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medullary sheath, with cellular prolongations in the form of medullary 
rays. 

2. — Endogenous or Monocotyledonous , having no separable bark ; no 
distinct concentric circles ; vascular bundles progressive and definite, 
not increasing at their periphery, the solidity diminishing from the 
circumference to the centre; no distinct pith, no medullary sheath nor 
medullary rays, the cellular tissue being interposed between the 1 , vas- 
cular bundles. 

3. — A erogenous or A cot t/lcdono us, having no separable bark; no con- 
centric circles; vascular bundles simultaneous, forming an irregular 
circle; additions being made to the summit; no distinct pith, no medul- 
lary sheath nor medullary rays; conspicuous scars left by the bases of 
the leaves. 

Formation of the different parts of Stems, and their special Function s\ 

108. The stem bears the leaves and flowers, exposes them to the 
atmosphere and light, conveys fluids and air, and receives secretions. 
♦Stems vary much in their size, both as regards height, and diameter. 
Some oaks in Britain have a height of' nearly 120 feet ; forest trees in 
France have attained to 120 and 130 feet, and in America even to 
150 feet ; while palms arc frequently still higher. The trunks of 
some Baobabs in Senegal (A dansonia digitata), are said to be 30 feet 
in diameter. 

100. The pith, in its early state (fig. 94 p\ is of a greenish colour, 
and contains much lluid, which is employed in the nourishment of 
the young plant. After serving a temporary nutritive purpose, it 
becomes dry, or disappears by rupture and absorption of the walls of 
the cells which enter into its composition. The medullary sheath (fig. 
96 e m), keeps up a connection between the central parts of the stein 
and the leaves, by means of spiral vessels, which seem to be concerned 
partly in the conveyance of air. The medullary rays (fig. 97 r m), 
preserve a communication between the bark and the pith. The cells 
of which they are composed, are concerned hi the production of leaf 
buds, and they assist in the elaboration and conveyance of secretions. 
They have a direct connection with the cambium cells (fig. 97 c), or 
the cells between the wood and bark, whose function is to aid in the 
formation of new wood. The bark (fig. 97 f c, e c, p), protects the 
tender wood, conveys the elaborated sap downwards from the leaves, 
and is the part in which many valuable products, such as gum, tan- 
nin, and bitter principles, are formed and deposited. The vascular 
bundles (fig. 97/7, v p), convey the sap from the root to the leaves. 
This function is carried on during the life of the plant by the annular 
vessels and the porous vessels, as well as other kinds of spurious fibro- 
vascular tissue ; but in the woody fibres it ceases at a certain epoch, 



FORMATION OF WOOD. 


59 


in consequence of the tubes being filled up by secondary deposits, so 
as to form the perfect wood, which gives strength and stability to the 
stem. 

110. Considerable differences of opinion have arisen on the subject 
of the formation of wood. All agree that it cannot be properly formed 
unless the leaves are exposed to air and light, but physiologists differ 
as to its mode of deposition. Some say that it is deposited in a hori- 
zontal, others, in a vertical direction. There seems to be no doubt, 
that the cambium cells perforin an important part in the formation of 
wood, and that their activity depends on the proper development of 
leaves. These formative cells, although most easily detected in exo- 
genous stems, appear also to be present in the other forms of stems 
which have been described. 

111. The early physiologists made experiments on exogenous stems, 
as being most easily procured. They espoused the horizontal theory 
of deposition, and disputed as to the formation of cambium ; some 
maintaining that it was formed by the cells of the bark; others, by 
the central cells of the stem; and others, by both united. Duhamel, 
by putting silver plates between the bark and wood, and Dr. Hope, 
by detaching portions of bark, endeavoured to show that the bark 
alone was concerned in the formation of wood ; while Decandolle 
and others were led to the conclusion, that both were concerned in 
the process of forming cambium, by means of which a layer of liber 
and a layer of wood was annually produced. 

112. Knight espoused what is called the vertical theory, considering 
the wood as developed in a downward direction by the leaves, and in 
tikis view he is supported by Petit-Tliouars and Gaudichaud. These 
physiologists maintain that there are two vascular systems in plants, 
an ascending and descending; the one connected with the leaf forma- 
tion, or the spiral vessels ; the other connected with the production 
of roots, or the woody fibres — the cellular tissue being more especially 
concerned in horizontal development. Every bud is thus, according 
to them, an embryo plant fixed on the .stem, sending leaves upwards 
and roots downwards. In Palms, Draeamas, and other Endogenous 
stems, the peculiar maimer in which the woody fibres interlace (fig. 
114, 2), favours the opinion that they are developed like roots, by 
additions to their extremities ; and this is also strengthened by the 
formation of adventitious or aerial roots, which burst through dificrent 
parts of the stem in Screw-pines (fig. 115, 2), in the Banyan, and in the 
Pig tribe in general. In Vellozias and Tree Ferns, the surface of the 
stem is often covered with thin roots, protruding at various parts, and 
becoming so incorporated with the stem as to appear to be a part of 
it. In the Tree Fern, represented in fig. 116, the lower part of the 
stem is enlarged in a remarkable degree by these fibres, so as to give 
it a conical form. In Exogenous stems, when ligatures are put round 



60 


FORMATION OF WOOD. 


the stem, and when portions of bark are removed, a swelling takes 
place above the parts where the injury has been indicted, thus appar- 
ently proving that the new matter is developed from above down- 
wards. 

113. Gaudiehaud endeavours to account for various anomalous 
forms of stems (figs. 105-108), by considering them as depending on 
the arrangement of the leaves, and on the mode in which the woody 
fibres are sent down from them. Tims, the four secondary masses 
surrounding the central one in the stem of Calycanthus fioridus, are 
traced to four vascular bundles from the leaves, penetrating the cellu- 
lar tissue of the bark, distinct from the cent nil wood and from each 
other, except at the node's, where the cross bundles unite them so as 
to form a ring round the central mass. New fibres are formed on the 
inner side of these bundles, and by degrees they assume' a crescentic 
shape, while the horns of the crescent ultimately unite on the outer 
side (centrifugally), and enclose a portion of the bark, which thus forms 
a kind of spurious excentric pith, with numerous woody layers on the 
inside, and a smaller number on the outside. Again, in Brazilian 
Sapindacea* (fig. 106), with five, seven, nine, or ten -woody masses, 
the same tiling is said to occur, with this difference, that the pith of 
each of the masses is derived from the original medullary centre, 
portions of which art.' enclosed by the vascular bundles in a centripetal 
manner, or from without, inwards. 

114. Treviranus states that the fibrous and vascular bundles de- 
scending from the leaves, are destined in general to unite around a 
common centre, but that they retain a certain degree of independence, 
and may be developed separately in some instances, giving rise to 
anomalous fasciculated steins. 

115. Gardner, from an examination of Brazilian Bairns, adopts the 
vertical theory, and Bindley also supports it. It is strongly opposed 
by Schleiden, Mirbel, Nandin, llenlfey, and others, who consider the 
development of the vascular bundles, as proceeding from below up- 
wards ; in Dicotyledons, by perrpherieal production of woody and 
vascular tissue from cambium cells; and in Monocotyledons, by a definite 
formation of woody and vascular bundles by means of terminal buds; 
the hardening of the stem depending on the interstitial changes which 
take place afterwards in the woody fibres. 

116. A consideration of all the observations made on the formation 
of woody storms, leads apparently to the conclusion, that there is an 
ascending and descending axis in plants, and that each plant consists 
of one or more individuals, or phytons (<p\jrb, a plant), as they are 
called by Gaudiehaud and others, having both axes developed ; the 
Exogenous stem being formed by the original formation of two oppo- 
site phytons, the Endogenous by one: and that woody fibres are 
produced from cells, which, in Exogens, are formed annually between 
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the wood and bark, as cambium cells; and, in Endogens, are developed 
in the internal parts of the stem. Proof seems, however, still wanting 
of the direction in which the development of wood takes place in the 
former; while, in the latter, observations seem to be in favour of a 
vertical formation, or of additions of woody fibre being made in a 
downward direction, as in roots, thus following the course of the 
descending elaborated sap.** 

117. The formation of wood depends mainly on the functions of the 
leaves being carried on properly, and this can only be effected by ex- 
posure to air and light. The more vigorously the plant grow r s, the 
better is the wood produced. Experiments made in the British dock- 
yards, proved that those oaks which had formed the thickest zones, 
yielded the best timber. Barlow's experiments at Woolwich, showed 
that a plank of quick-grown oak, bore a greater weight than a similar 
plank of slow-grown oak. 

118. In order that trees may grow well, and that timber may be 
properly formed, great care should be taken in planting at proper 
distances, and in soil fitted for the trees. Firs ought to be planted 
from (i to 8 feet apart, and hardwood trees, for a permanent plantation, 
28 feet distant, the spaces being filled up with larch, spruce, or Scotch 
fir, according to soil and situation. Hardwood is of no value till it has 
attained some age, ■while* larch and spruce may be applied to use hi ten 
or twelve years ; and thus judicious thinning may be practised. 
When trees are set too close, their leaves are interrupted in their 
functions; many of them fall off, leaving the stems bare; the wood is 
imperfectly formed, and the roots arc not sent out vigorously. Wien 
such plantations are allowed to grow without being thinned, the trees 
are drawn up without having a hold of the ground; and when a. por- 
tion of them is subsequently removed, the remainder are easily blown 
over by the wind, in thick plantations, it is only in the trees next 
the outside, where the leaves and branches are freely formed, that the 
wood and roots are properly developed. When a tree is fully exposed 
to air and light on one side only, it is frequently found that the woody 
zones on that side are largest. When trees are judiciously planted, 
there is a great saving both in the original outlay and in the subse- 
quent treatment. Pruning, or the. shortening of branches, and the 
removal of superfluous ones, ought to be cautiously practised. It is 
only applicable to young branches and twigs, and is had recourse to 
chiefly in the case of fruit-trees, when the object is to make the plants 
produce flowers and fruit. If forest trees are properly planted and 
thinned, little pruning is required. 

* For full details relative to the formation of wood, see Gandichaud, Reclierclies sur i’Organo* 

ffraphie, Ac., Paris, 1841 ; Mirbel, Annalcs dos Sciences Naturelles, 2d scries, tom. xs., Ac. ; Nau- 
diu, do., 3d Berios, tom. i. ; llonfrey, Annals of Natural History, 2d scries, vol. i. 
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HOOT OR DESCENDING AXIS. 

Structure of Hoots. 

3 1 9. In the young state there is no distinction between stem and 
root, as regards structure ; both being cellular, and an extension of 
each other in opposite directions. In sternless plants, as Thai logons, 
the root remains in a cellular state throughout the life of the plants. 
The root is afterwards distinguished from the stem, by the want of 
a provision for the development of leaf-buds, and by increasing from 
above downwards. Some plants, however, as the Moutan Paeony, the 
Plum-tree, Pyrus japouiea, and (‘.specially Anemone japonica, have a 
power of forming buds on their roots. The last -mentioned plant 
developed these buds on every part of its extensively ramifying loots, 
wliicli may be chopped into numerous pieces, each capable of giving 
rise to a new plant. The part where the stem and root unite is the 
collum. or neck. In woody plants, the iibres of the stem descend into 
the roots, and there is a similar internal arrangement of woody layers, 
as is seen in the stem itself. 

120. ltoots are usually subterranean and colourless. Externally, 
they have a cellular epidermal covering of a delicate texture, some- 
times call<»d epibletna (f 47), in which no stomata, exist. Their in- 
ternal structure consists partly of cells, and partly of vascular bundles, 

in which there are no vessels with fibres 
'which can be unrolled. Hoots do not ex- 
hibit true pith, nor a medullary sheath. 
The axis of the root gives off branches 
which divide into radicles or fibrils (fig. 119), 
the extremities of which are composed of 
loose sponge-like cellular tissue, and are 
called spoufjioles or sponyelets. Over these 
a. very thin layer of cells is extended, 
called, by Trecul, a Pilcorldza (v/Xog, a 
cap, and a, a root). This sometimes 
becomes thickened, and separates in the 
form of a cup, as in Screw-pines (fig. 115, 
2), and in Lycopodiums. Occasionally 
the extremities of roots are enclosed in a 
sheath, or ampulla , as in Lenina. Cellular 
papilte and hairs are often seen in roots 
(fig. 77), but no true leaves. Roots do not 
grow throughout the whole length like stems, but by additions to their 



Fig. 119.— Tapering root of Malva rotundifolia, giving off branches and fibrils. 
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extremities, which are constantly renewed, so that the minute fibrils 
serve only a temporary purpose, and represent deciduous leaves. 

121. hoots, in some instances, in place of being subterranean, be- 
come aerial. Such roots occur in plants called Epiphytes , or air- 
plants (eV/, upon, and pvrbv, a plant, from growing on other plants), 
as Orcliidaceai ; also in the Screw-pine (fig. 115, 2), the Banyan (Fi- 
cus indica), and many other species of Ficus, where they assist in 
supporting the stem and branches, and have been called adventitious or 
abnormal. In Screw-pines, these aerial roots follow a spiral order 
of development. In Mangrove trees, they often form the entire 
support of the stem, which lias decayed at its lower part. The name 
of adventitious has also been applied to those roots which are formed 
where portions of stems and branches, as of the Willow and Poplar, 
are planted in moist soil. They appear first as cellular projections, 
into which the fibres of the stem are prolonged, and by some are said 
to proceed from lentieels (If G3). They frequently arise from points 
where the epidermis has been injured, A Screw-pine in the palm- 
house of the Edinburgh Botanic Garden, had one of its branches in- 
jured close to its union with the stem. This branch was at the 
distance of several feet above the part where the aerial roots were in 
the course of formation. At the part, however, w here the injury had 
been inflicted, a root soon appealed, which extended rapidly to the 
earth, and now the branch is firmly supported. 

122. Green-coloured aerial roots are frequently met with in endo- 
genous plants. Such roots possess stomata. In the Ivy, root-like 
processes are produced from the stem, by means of which it attaches 
itself to trees, rocks, and walls. In parasites, or plants which derive 
nourishment from other plants, such as Dodder ( Cu scuta), roots are 
sometimes produced in the form of suckers, which enter into the cellu- 
lar tissue of the plant preyed upon. 

123. When roots have been exposed to the air for some time, they 
occasionally assume the functions of stems, losing their fibrils, and 
developing abnormal buds. Duhamel proved this experimentally, 
by causing the branches of a willow to take rout while attached to 
the stem, and ultimately raising the natural roots into the air. 

Forms of Boots. 

124. The forms of roots depend upon the mode in which the axis 
descends and branches. When the central axis goes deep into the 
ground in a tapering manner, without dividing, a tap-root is pro- 
duced (fig. 119). This kind of root is sometimes shortened, and 
becomes succulent, forming the conical root of carrot, or the fusiform , 
or spindle-shaped root of radish, or the naprfarm root of turnip ; or it 
ends abruptly, thus constituting the pr remorse ( proemorsus , bitten) root 
of Scabiosa succisa ; or is twisted , as in the conten ted root of Bistort. 
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125. When the descending axis is very short, and at once divides 
into thin, nearly equal fibrils, the root is called fibrous , as in many 
grasses ; when the fibrils become short and succulent, the root is fasci- 
culated, as in Ranunculus Ficaria and Asphodelus luteus (fig. 120) ; when 
the succulent fibrils are of uniform size, and arranged like coral, the 
root is coralline , as in Corallorhiza iruiata ; when some of the fibrils 
are developed in the form of tubercules containing starchy matter, as 
in Orchis, the root is tubercular (fig. 121); when the fibrils enlarge in 
certain parts only, the root is nodulose , as in Spiraea Filipendula (fig. 
122), or moniliform , as in Pelargonium triste (fig. 123), or annulated , as 
in Ipecacuan. 



126. Hoot of Dicotyledonous or Exogenous Plants. — In these plants 
the root in its early state, or the radicle as it is then called, is a pro- 
longation of the stem, and elongates directly by its extremity. It then 
continues to grow in a simple or branched state (fig. 119). From tliis 
mode of root development, these plants have been called Exorhizal 

outwards, and g/£a, a root), by Richard. In their after progress, 
these roots follow the arrangement seen in the woody part of the stem. 
In some cases, as in the Walnut and Horse-chestnut, there is a prolonga- 
tion of the pitli into the root to a certain extent. 

127. Boot of Monocotyledonous or Endogenous Plants. — In these 


Fig. 120.— Fasciculated root of Aspliodelus luteus. 

Fig. 121.—' Tubercular root of Orchis. Several of the radical fibres retain their cylindrical 
form, while two are tubercules containing starchy matter. 

Fig. 122.— Nodulose root of Spiraea Filipendula. 

Fig. 123.— Monilifonn root of Pelargonium triste. 
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plants, the young root or radicle pierces the lower part of the axis 
(fig. 124 r), is covered with a cellular sheath, c, and gives rise to 
numerous fibrils, r r r r', wliicli are shnilaiiy developed. These 
plants are therefore called by Richard, Erulorhizal (sVdov, within); 
and the sheath is denominated Cokorhiza (xoXiSe, a sheath). In their 
after progress, they usually retain their compound character, con- 
sisting of fibrils, most of which often remain unbranched (fig. 120, 121). 
The lirst-fonned roots which surround the axis, if the plant is peren- 
nial, gradually die, and others are produced in succession farther 
from the central axis. In Endogenous roots, the same structure is 
observed as in the stem. Thus, fig. 1 25 represents a section of a. 



Talm root, composed of cellular tissue, porous vessels, v p, scalari- 
form vessels, vs, fibrous or woody tissue,/ and Jaticiferons vessels, l. 
Roots are pushed out from various parts of the stems of many Palms, 
and ultimately appear as part of the external integument. 

128. Root of Acotylcitonons or Aerogenous Plants. — In these plants, 
the young root is a development of superficial cells from no fixed 
point, and they have been called Iletcrorhizal (sngoc, diverse). In 
their subsequent progress, these roots present appearances similar to 
those seen in the stem. They frequently appear in the 1 form of fibres 
on the outer part of the stem, giving rise, by their accunndation at the 
base, to the conical appearance represented in fig. 1 1 0, r a. 
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Functions of Roots. 

129. Boots fix tlie plant, either in the soil or by attachment to 
other bodies. They absorb nourishment by a process of imbibition 
or endosmosc (f 27), through their spongioles or cellular extremities. 
The experiment ofDulianiel and Senebier, conducted by inserting at one 
time the minute fibrils alone into fluid, and at another, the axis of the 
root alone, showed clearly that the cellular extremities were the chief 
absorbing parts of the roots. Hence the importance, in transplanting 
large trees, of (tutting the roots some time before, in order that they 
may form young fibrils and spongelets, which are then easily taken 
up in an uninjured condition, ready to absorb nourishment. 

130. The elongation of the roots by their extremities, enables them 
to accommodate themselves to the soil, and allows the spongioles to 
extend deeply without being injured. Hoots in their lateral extension, 
bear usually a relation to tlie. horizontal spreading of the branches, so 
as to fix the plant firmly, and to allow fluid nutritive substances to 
reach the spongioles more easily. It is of importance to permit the 
roots to extend easily in all directions. By restricting or cutting the 
roots, the growth of the plant is to a certain degree prevented, although 
it is sometimes made to flower and bear fruit sooner than it would 
otherwise have done. The system of restrictive potting, formerly 
practised in green-houses, often destroyed the natural appearance of 
the plants. The roots hik'd the pots completely, and even raised the 
plants in such a way as to make the upper part of the root appear above 
the soil. 

131. To roots there are sometimes attached reservoirs of nourish- 
ment, in the form of t ubereules, containing starch and gum (fig. 121), 
which are applied to the nourishment of the young plant. These are 
seen in the Dahlia and in terrestrial Orchids. In epiphytic Orchids, 
on the other hand, the roots are aerial, and the stems are much 
developed, forming pseudo-bulbs. Upon the roots of Spondias tuberosa 
there exist round black-coloured tubercules, about eight inches in 
diameter, consisting internally of a white cellular substance, which is 
full of water. These tubercules seem to be intended to supply water 
to the tree during the dry season. They are often dug by travellers, 
each of them yielding about a pint of fluid of excellent quality. 

132. Roots also give off certain excretions, which differ in different 
species. These are given off by a process of exosmose (% 27), and 
consist both of organic and inorganic matter. They were examined 
by Macaire and Decandolle, mid at one time they were thought to be 
injurious to the plant, and by their accumulation to cause its deterio- 
ration. It was also supposed, that while they were prejudicial to the 
species of plant which yielded them, they were not so to others, and 
that hence a rotation of crops was necessary. Daubeny and Gyde 
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have found by experiment, that these excretions are not injurious, 
and it is now shown, that the necessity for rotation depends on the 
want of certain nutritive matters in the soil.* In very rich and fertile 
land, the same crop may be grown successively for many years. 


LEAVES AND THEIR, APPENDAGES. 

Structure of Leaves . 

133. Leaves are expansions of the bark, developed in a symmetrical 
manner, as lateral appendages of the stem, and having a connection 
with the internal part of the ascending axis. They appear at first as 
small projections of cellular tissue, continuous with the bark, and 
closely applied to each other. These gradually expand in various 
ways, acquire vascular tissue, and ultimately assume their permanent 
form and position on the axis. They may be divided into aerial and 
submerged leaves, the former being produced in the air, and the latter 
under water. 

134. Aerial Leaves. — These leaves consist of vascular tissue in the 
form of veins, ribs , or nerves , of cellular tissue or parenchyma, tilling up 
the interstices between the veins, and of an epidermal covering. 

135. The Vascular System of the leaf is continuous with that of the 

stem, those vessels which occupy the internal part of the stem becoming 
superior in the leaf, while the more external become inferior. Thus, in 
the upper part of the leaf, which may re- 
present the woody layers, there are. spiral 
vessels (fig 126 t), annular reticulated or 
porous vessels, v, and woody fibres, f; 
whilst iri the lower side, which may repre- 
sent the bark, there are laticiferous ves- 
sels and fibres, resembling those of liber, L 
There arc usually two layers of fibro- 
vascular tissue in the leaf, which may be 
separated by maceration. They may be 
seen in what are called skeleton leaves , in 
which the cellular part is removed, and 
the libro-vascular left. The vascular 
system of the leaf is distributed through 
the cellular tissue in the form of simple 
or branching veins. 

* Tliis subject is considered when the sources whence plants derive their nourishment are 
treateu of. 

Eig. 126. — Bundle of fibro-vascular tissue, passing from a branch, &, into a petiole, p. The 
vessels are first vertical, then nearly horizontal, but they continue to retain their relative posi 

tion. Changes tako place in the size of the cells at the articulation, a. 1 1, Tracheae, in which 
the fibre can he unrolled, v v, Annular vessels. //, Woody fibres. 1 1, Cortical fibres, or fibres 
ofliber. 
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136. The Epidermis (fig. 127 e s ei), composed of cells more or 
less compressed, has usually a different structure and aspect on the two 
surfaces of the leaf. It is chiefly on the epidermis of the lower sur- 
face (fig. 128 ei\ that stomata, $s, are produced, occupying spaces 



between the veins, and it. is there also that hairs usually occur. In 
these respects, the lower epidermis resembles the outer bark of 
young stems, with which it may be said to correspond. The lower 
epidermis is often of a dull or pale-green colour, soft, and easily de- 
tached. The upper epidermis (figs. 127 and 128 es) is frequently 
smooth and shining, mid sometimes becomes very hard and dense. In 
leaves which float upon the surface of water, as those of the water- 
lily, the upper epidermis alone possesses stomata (% f>6). On removing 
a strip of epidermis, part of the pariotes of the cells below is often 
detached in the firm of a green net- work (fig. 120 '/>]>), and on 

examination under the microscope, the 
stomata, ss, are seen communicating 
with colourless spaces, III , surrounded 
by green matter. 

137. The Parenchyma of the leaf is 
the cellular tissue surrounding the ves- 
sels, and enclosed within the epidermis 
(fig. 127 ps pi). It has sometimes re- 
ceived the names of Itiachyma (e>/«, in 
the midst, and tissue), or Mm>- 

pliyllum (/4?<ro;, middle, and <p-j\\ov, a leaf), or Diploe (divXoTg, a cov- 
ering). It is formed of two distiuct series of cells, each eon Waning 
chlorophylle or grcen-coloured granules, but differing in their form 

Fig. 127.— Thin vortical faction of the loaf of a Lily, highly magnified, e s, Epidermis of 
upper pagina or surface, e i, Epidermis of lower surface, p s } Parenchyma of upper portion of 
the leaf, composed of close vertically-placed cells, p ■>, Parenchyma of lower portion, composed 
of loose horizontal cells, m, Intercellular passages. 1 1, Laeume. 

Fig. 128.— Similar section of the loaf of Balsam. The letters denote the same parts as in 
fig. 127. a 8, Stomata. 

Fig. 129.— Strip of the lower epidermis, e e, of the leaf of Balsam, showing a net-work formed 
by a portion of the parenchyma below ,pp, being detached. The spaces of the net are lacuna, 
1 1 l f often corresponding to stomata, a $. 
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and arrangement. This may be seen on making a vertical section 
of a leaf, as in fig. 127. Below the epidermis of the upper side of 
the? leaf, there are one or two layers of oblong blunt cells, placed 
perpendicularly to the surface (fig. 127 ps), and applied so closely 
to each other as to leave* only small intercellular spaces (fig. 127 in), 
except when stomata happen to be present. On the under side of 
the leaf, the cells are irregular, often branched, and are arranged 
more or less horizontally (fig. 127 p /), leaving cavities between them, 
//, which often communicate with stomata (fig. 128 ss). On this ac- 
count the tissue has received the name of cavernous . The form and 
arrangement of the cells, however, depend much on the nature of the 
plant, and its exposure to light and air. Sometimes the arrangement 
of the cells on both sides of the leaf is similar, as occurs in leaves which 
have their edges presented to the sky. In very succulent plants, the 
cells form a compact mass, and those in the centre are often colour- 
less. In some cases the cellular tissue is deficient at certain points, 
giving rise to distinct holes in the leaf, as in Dracontium pertusum. 

138. Submerged Leaves. — Leaves which are developed under 
water differ in many points of structure from aerial leaves. They 
have no fibre- vascular system, but consist of a congeries of cells which 
sometimes become elongated and compressed so as to resemble veins. 
They have a layer of compact cells on their surface (fig. ISO />), but no 
true, epidermis, and no stomata. The internal structure consists of 
cells, disposed irregularly, and sometimes leaving spaces which are filled 
with air for the purpose of lioating the leaf (fig. 130 /). When ex- 
posed to the air, these leaves easily part with their moisture, and be- 
come shrivelled and dry. In some instances there, is only a net-work 



of filamentous-like colls formed, the spaces between which a^e not 
filled with parenchyma, giving a peculiar skeleton appearance to the 
leaf, as in Hydrogeton or Ouvirandra fenostraiis (fig. 131). Such a 
leaf has been called fenestrate [fenestra, a window). 

Fig. 130. — Perpendicular section through a small portion of the submerged leaf of Potamogo- 
ton perfoliatus. p f Parenchyma. /, Lacunee. 

Fig. 131.— Fenestrate leaf of Ouvirandra lenestralis, composed of vascular tissue, without in- 
tervening cellular tissue or diachyma. 
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130. A leaf) in general, whether aerial or submerged, consists of a 
flat expanded portion (fig. 132 Z), called the blade , limb , or laminar 
meriihal (/xsgog, a part, and OaXhlg, a frond), of a narrower portion 
called the petiole (petiolus, a little foot or stalk), stalk, or petiolary menthol 

^ (fig. 132 p), and sometimes of a portion 
at the base of the petiole, which forms a 
sheath or vagina (fig. 132 g\ or is de- 
veloped in the form of leaflets, called 
stipules (fig. 191 s). The sheathing por- 
tion or vaginal meriihal is sometimes 
incorporated with the stem, and has 
been called Tigellary ( tige , Fr., a stem 
or stalk), by Gaudichaud. These por- 
tions are not always present. The 
sheathing, or stipulary portion, is fre- 
quently awanting, and occasionally only 
one of the other two is developed. 
When a leaf has a distinct stalk it is called petiolate; when it has none, 
it is sessile (sessile s', from sedeo, to sit). When sessile leaves embrace 
the stem, they are willed amplexicaul {amplexor, to embrace, and caulis, 
a stem). The part of the leaf next the petiole or the axis is its base, 
while the opposite extremity is the apex . The surfaces of the leaf are 
called the pagimv ( pagina , a flat page), and its edges or margins form 
the circumscription of the leaf. The leaf is usually horizontal, so that 
the upper pagina is directed towards the heavens, and the lower pagina 
towards the earth; hut in many cases leaves are placed vertically, as 
in some Australian Acacias, Eucalypti, &c. ; in other instances, as in 
Alstroemeria, the leaf becomes twisted in its course?, so that what is 
superior at one part becomes inferior at another. 

140. The upper angle formed by the leaf with the stem is ca, lied its 
axil {axilla, arm-pit), and everything arising at that point is called 
axillary . It is there that leaf-buds (f 178) are usually developed. 
The leaf is sometimes articulated with the stem, and when it falls off 
a scar or cicatricula remains; at other times it is continuous with it, 
and then decays gradually, while still attached to the axis. In their 
early state all leaves are continuous with the stem, and it is only in 
their after-growth that articulations are formed. When leaves fall 
off annually, they are called deciduous; when they remain for two 
or more years, they are evergreen . The laminar portion of* a leaf is 
occasionally articulated with the petiole, as in the Orange (fig. 185), 
and a joint at times exists between the vaginal or stipidary portion 
and the petiole. 

Fig. 132.— Leaf of Polygonum Hydropiper, with a portion of the stem hearing it. I, Limb 
lamina, or blade, p, Petiole or leaf-stalk, g, Sheath or vagina, embracing the stem, and ter- 
minated by a fringe. 




STRUCTURE OP LEAVES. 


71 


: Distribution of the Veins , or Venation of Leaves. 

141. The distribution of the veins has been called Venation , some- 


times Nervation. In most leaves this can be easily traced, but in 
the case of succulent plants, as Hoya, Agave, and Meseiubryanthemxim, 
the veins are obscure, and the leaves are said to be Hidden-veined 
(fig. 171, 172). In the lower tribes of plants, as sea- weeds, and in 
submerged leaves, there are no true veins, but only condensations of 
elongated cellular tissue, and the term Veinless (avenia) is applied. 
In an ordinary leal*, as that of Lilac or Chestnut, there is observed a 
central vein larger than the rest, called the midrib (fig. 133 m); this 
gives off veins laterally (primary veins), ns ns ns , which either end in a 
curvature within the margin, as in Lilac (fig. 133), or go directly to 
the edge of the leaf, as in Oak and Chestnut (fig. 134). If they are 
curved, then external veins and marginal veinlets are 


interspersed through the parenchyma external to the 
curvature. There are also other veins of less extent 
( costal veins) given off* by the midrib, and these give 
origin to small veinlets. hi some cases, as Sycamore and 
Cinnamon, in place of there being only a single central 
rib, there are several which diverge from the part where 




133 


134 


135 


Pig. i33. — Leaf of Belladonna, p, Petiole or leaf-stalk, n m, Midrib, ns ns ns, Primary 
veins, ending in curvatures at their extremities. 

Fig. 134. — Leaf of Oak, piunatifid or divided into lobes in a pinnate manner; feather-veined, 
the veins going directly to the margin. 

Pig. 135.— Leaf of Banana, showing midrib and primary veins running parallel and in a 
curved manner to the margin. No reticulation. Plant monoootyledonous. 
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tlie blade joins the petiole or stem. Tims, the primary veins give off 
secondary veins, and these in their turn give off tertiary veins, and so 
on, until a complete net-work of vessels is produced. To such a dis- 
tribution of veins, the name of' Reticulated or Netted venation has 
been applied. 

142. In the leaves of some plants there exists a central rib or mid- 
rib, with veins running nearly parallel to it from the base to the apex 
of the leaf, as in grasses (fig. 194) and Fan palms; or with veins com- 
ing off from it throughout its whole course, and running parallel to 
each other in a straight or curved direction towards the margin of the 
leaf, as in Plantain and Banana (fig. 135). In these cases the veins 
are often united by cross vein lets, which do not, however, form an 
angular net-work. These are called Parallel-reined. 

143. Leaves may thus be divided into two great classes, according 
to their venation — Reticulated or netted leave*, in which there,* is an 
angular net-work of vessels, as occurs generally in the leaves of exo- 
genous or dicotyledonous plants; and Parallel- veined, in which the 
veins run in a straight or curved manner from base to apex, or from 
the midrib to the margin of leaf, and in which, if there is a union, 
it is effected by transverse veins which do not form an angular net- 
work. This kind of leaf occurs commonly in endogenous or monocotyle- 
donuus plants. 


1 44.— Tabular Arrangement of Venation. 

A. — Reticulated Venation. 

I. Unicostate (uw/s, one). A single rib or costa in the middle (midrib). 

1. Primary veins coming off at different points of the midrib. 

a. Veins ending in curvatures within the margin (fig. 133), and fonning whut 

have been called true netted leaves (Lilac). 

b. Veins going directly to the margin (lig. 134), and forming feather -r em> d 

leaves (Oak and Chestnut). 

2. Primary veins coming off along with the midrib (fig. 143) from the base of 

the leaf. 

II. Midticostate (mnlttts, many). More than one rib. In such cases there are fre- 

quently three (tricostate'), as in fig. 1G2; or five ( quinquecostate ), as 
in fig. 158. Authors usually give to these leaves the general name of 
costate, or ribbed. 

1. Concostuia (con, together, costa, a rib). Ribs converging, miming from base 

to apex in a curved manner, as in Cinnamon, Melastoma (fig. 158). 
There is occasionally an obscure rib running close to the edge of the leaf, 
and called intramarginal, as in the Myrtle. 

2. Dwcostate ( dis , separate). Ribs diverging or proceeding in a radiating manner ; 

this is called radiating venation, and is seen in Sycamore, Vine, 0 cran- 
ium (fig. 1 A 4, 140). 

B. — Parallel Venation. — The term parallel is not strictly applicable, for the veins often 

proceed in a radiating manner, but it is difficult to find a comprehensive 
term. This venation may he characterised as not reticulated. 

1. Veins proceeding from midrib to margin, usually with convexity towards the mid- 
rib, as in Musa and Canna (fig. 135). 
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IT. Veins proceeding from base to apex. 

1. Veins more or less convergent (fig. 173), as in Iris, Lilies, Grasses (fig 194). 

2. Veins more or less divergent, as in Fan Palms. 

To this may be added the venation common in Ferns where the veins divide iu a 
forked maimer. This venation has been called Furcate ( furca , a fork). 


Forms of Leaves . 


145. Leaves have been divided into simple and compound. The 
former have no articulation beyond the point of their insertion on the 
stem, or consist of one piece only, which, however, may be variously 
divided (fig. 13G, 137, 138, &c.). The latter have one or more artic- 



ulations beyond the point of their insertion on the stem, or consist of 
one or more leaflets (Jbliola) separately attached to the petiole or leaf- 
stalk (fig. 141). In the earliest stage of growth all leaves are simple 
and undivided, and it is only during the subsequent development 
that divisions appear. The forms which the different kinds of simple 
and compound leaves assume, are. traced to the character of the 
venation, and to the amount of parenchyma produced. 

14(5. Simple Leaves. — When the parenchyma is developed symme- 
trically on each side of the midrib or stalk, the leaf is equal (fig. 149); 
if otherwise, tlie leaf is unequal or oblique (fig. 13(5), as in Begonia. If 
the margins are even and present ho divisions, the leaf is entire (in- 

Fig. LM3. — Leaf of Ulmus effusa. Reticulated venation ; primary veins going to the margin, 
which is serrated. Leaf unequal at the base. 

Fig. 137. — Pinnatifid leaf of Valeriana dioica. 

Fig. 138. — Blpinnatifid leaf of Papaver Argemone. Feather- veined. 
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teger), as in fig. 149 and 150 ; if there arc slight, projections of cellular 
or vascular tissue beyond the margin, the leaf is not entire (fig. 130) ; 
when the projections are irregular and more or less pointed, the leaf 
is dentate or toothed (fig. 155); when they lie regularly over each 
other, like the teeth of a saw the leaf is serrate (fig 130,154); when 
they are rounded the leaf is crenate (fig 159). If the divisions extend 
more deeply than the margin, the leaf receives different names accord- 
ing to the nature of the segments: thus, when the divisions extend 
about halfway down (fig. 134, 144), it is cleft ( fidns ), and its segments 



are called fissures ( fissure , a cleft); when the divisions extend nearly 
to the base or to the midrib (fig. 170), the leaf is partite , and its 
segments are called partitions. 

147. These divisions take place in simple leaves exhibiting differ- 
ent kinds of venation, and thus give rise to marked forms. Thus, if 
they occur in a feather-veined leaf (fig. 137), it becomes either pin- 
natifid (pinna, a whig or leaflet, and fidus, cleft), when the segments 
extend to about the middle and are broad ; or pectinate ( pecten , a 
comb), when they are narrow; or pinnatipartite, when the divisions ex- 
tend nearly to the midrib. These primary divisions may be again sub- 
divided in a similar manner, and thus a feather-veined leaf will become 
bipinnatifid (fig. 138), or bipinnatipartite ; and still further subdivisions 
give origin to tripinnatifid and ladniated leaves. If the divisions of a 
pinnatifid leaf are more or less triangular, and are pointed downwards 
towards the base, the extremity of the leaf being undivided and tri- 
angular, the leaf is runcmatc (runcina, a large saw), as in the Dande- 
lion. When the apex consists of a large rounded lobe, and the divi- 
sions, which are also more or less rounded, become gradually smaller 
towards the base (fig. 139), as in Barbarea, the leaf is called Ignite, 
from its resemblance to an ancient lyre.* When there is a concavity 

Fig. 139.— Lyrate loaf of Barbaroa. 

Fig. 140. — Panduriform, a fiddle-shaped loaf of Rumex pulcher. 

Fig. 141. — Compound leaf; tomato, the leaflets being obcordate. 

Fig. 142. — Compound leaf; quaternate, tho leaflets being rotundate-cuneiform, or wedge- 
shaped with rounded apices. 

Fig. 143.— Two-lobea leaf, somewhat cordate at the base, emarginatc, and mucronate. 

Fig. 144.— Palmate leaf, the divisions acute and serrated at their margins. Radiating vena- 
tion. 


* Under the term lyrate, some include compound pinnate leaves in which the several pinnro 
arc united at the apex of the leaf; and the others become gradually smaller towards the base. 
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on each side of a leaf, so as to make it resemble a violin, as in Rumex 
pulcher (fig. 140), it is called panduriform (crav^oDga, fiddle). 

148. The same kind of divisions taking place in a simple leaf 
with radiating venation, give origin to the terms lobed or cleft 
(fig. 174, 14(1), when the divisions extend about hall -way through 
the leaves: and thus they may be three- lobed, Jive- lobed, seven - 
lobed , many -doited ; or, trifid , quinquejid, septemjid , multifid , according 
to the number of divisions. The name of 'palmate , or pahnatifid 
(fig. 144), is applied to leaves with radiating venation, in which 
there are several fissures united by a broad expansion of parenchyma, 
like the palm of the hand, as in Passion-flower and Rheum palma- 
tum ; wliile digitate ( digitus , a finger), or digit ipartitc, includes leaves 
in which there are deeper partitions, five in number, like the fingers, 
as in Janipha; and dissected applies to leaves with radiating venation, 
having numerous narrow divisions, as in Geranium dissectum. When 
in a radiating leaf there are three primary partitions and t wo lateral 
ones spreading and forming divisions on their inner margin only, as 
in llelleborus (fig. 170), the leaf is called pedate or pedatijid (pes, a 
foot), from a fancied resend dance to the claw of a bird. 

149. In all the instances already alluded to, the leaves have been 
considered as flat expansions in which the ribs or veins spread out on 
the same planes with the stalk. In some cases, however, the veins 
spread at right angles to the stalk. If they do so equally on all sides, 
and are united by parenchyma, so that the stalk occupies the centre 
(fig. 145), the leaf becomes orbicular (orb is, a circle), as in Hydrocotylc ; 
if unequally, so that the stalk is not in the centre, the leaf is peltate 


( pelta , a buckler), as in the 
Castor oil plant (fig. 146). 
The edges or margins of or- 
bicular and peltate leaves 
are often variously divided. 

150. It is impossible to 
notice all the forms of 
leaves without exceeding 
due limits. The following 
are enumerated as the 
most important. When 
the veins do not spread 
out, but run from the base 





to the apex with a narrow 


strip of parenchyma, the leaf is linear or acicular (fig. 147), as in 


Fig 1 . 146. — Orbicular leaf of Hydrocotyle vulgaris. Radiating venation, p, Petiole. 
2, Lamina. 

Fig. 146, — Peltate leaf of Ricinus communis, or Castor oil plant. Radiating venation. 
p, Petiole or leaf-stalk. I, Lamina or blade. 

Fig. 147.— Linear, or acicular leaf of Fir. 
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Pines and Firs. Wlien the veins diverge, those in the middle 
being longest, and the leaf tapering at each end (fig. 1 66), it becomes 
lanceolate ( lancea , a spear). If the middle veins only exceed the others 
slightly, and the ends arc; convex, the leaf is either rounded (: rotun - 
datus ), as in fig. 164, elliptical (fig. 162), oval (fig. 149), or oblong (fig. 
150). If the veins at the base are longest, the leal' is ovate, or egg- 
shaped, as in Chick-weed (fig. 158), and if those at the apex are 
longest, the leaf is obovate , or inversely egg-shaped. Leaves are cuneate 
(cuneas, a wedge) or wedge-shaped, in Saxifraga (fig. 155); spathulate , 
or spatula-like, having a broad rounded apex, and tapering down t< 


the stalk in the Daisy (fig. 148); subulate (fig. 167), 
or narrow and tapering like an awl ( subula ) ; acu- 
minate^ or drawn out into a long point, as in Ficus 
religiosa (fig. 159), mucronate , with a hard stiff point 
or niucro at the apex (fig. 160 and 140). When the 
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parenchyma is deficient at the apex so as to form two rounded lobes, 
the leaf is nbcordatc or inversely heart-shaped ; when the deficiency 
is very slight, the leaf is called ernarginate (fig. 143) as having a por- 
tion taken out of the margin ; when the apex is merely flattened or 
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Fig. 148.— Spathulate leaf of Daisy. Fig. 140.— Oval leat. Fig. 150.— Oblong leaf. 

Fig. 151. — Petiolated, reticulated, somewhat obloug leaf, truncate at the base. 

Fig. 152.— Ovate pointed leaf. Fig. 153.— Cordate pointed leaf. 

Fig. 154, — Ovate-lanceolate leaf, i. e. lanceolate in its general contour, but ovate at the base; 
doubly serrated, or having large and small serratures alternately at the margin, 

Fig. 165. — Cuneate or wedge-shaped leaf of Saxifraga, ending in an abrupt or truncate man- 
ner, and toothed or dentate at the apex. 

Fig 156.— .Perfoliate leaf of Bupleurum, formed by lobes uniting at the base on the opposite 
side of the stem from that to which the, leaf is attached. 

Fig. 167. — Ret use leaf, i. e. slightly depressed at the apex. Margin slightly waved. 

Fig. 158. — Ovate, five-ribbed leaf. 

Fig. 169.— Rounded acuminated leaf of Ficus religiosa, with the margin crenate or slightly 
sinuous. 

Fig. 100.— Sub-ovate, refuse, mucronate leaf. 
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slightly depressed (fig. 157), the leaf is retuse (returns, blunt) ; and 
when the apex ends abruptly in a straight margin, as in the Tulip 
tree (fig 163), the* leaf is 
truncate. When the vena- 
tion is prolonged down- 
wards at an obtuse angle 
with the midrib, and round- 
ed lobes are formed, as in 
Dog-violet, the leaf is cor- 
date or heart-shaped (fig. 

153), or kidney-shaped (reniform) when the apex is rounded (fig. 
161), as in Asarum, When the lobes are prolonged downwards 
and acute (fig. 165), the leaf is sagittate (sagitta, an arrow); when 
they proceed at right angles, as in Kumex Aeetosolla, the leaf is hastate 
( hasta , a halbert) or halbert-shaped. Wien a simple leaf is divided 
at the base into two leaf- like appendages (fig. 1 6 ( d), it is called auricu- 
late ( auricula , the ear). When the veins spread out in various planes, 
and there is a large development of cellular tissue, so as t o produce a 
succulent leaf, such forms occur as conical , prismatical , ensiform or 
sword-like {ends, a sword), acinacijbrm ( acinaces , a scimitar) or scimitar- 
shaped (fig. 172), and dnlabriform ( dolabra , an axe) or axe-shaped 
(fig. 171 ). Wien the development of cells is sucli that they more than 
fill up the spaces between ihe veins, the margins become wavy, crisp, 



or undulated , as in Kumex crispus and Rheum undulatum (fig. 174). 
By cultivation the cellular tissue is often much increased, giving rise 
to the curled leaves of Greens, Savoys, Cresses, Lettuce, &c. 

151. Compound Leaven are those in which the divisions extend to 


Fig. 161. — Reniform or kidney-shaped entire leaf of Asaram. Radiating venation. 

Fig. 162. — Elliptical and somewhat lanceolate, leaf ; three-ribbed. 

Fig. 363.— TUree-lobed, truncate, or abrupt leaf of Liriodendron tullpifora. 

Fig. 164. — Rounded entire leaf, ending in a short point. 

Fig. 366. — Sagittate or arrow-shaped leaf of Sagittaria. 

Fig. 166. — Lanceolate, acute leaf, with minute teeth or dentations at the margin. 

Fig. 167. — Subulate or awl-shaped leaf. 

Fig. 168. — Whorl or verticil of linear-olwvatc leaves. 

Fig. 169. — Auriculate lanceolate leaf, obliquo at the base, with minuto toothings at the margin. 



78 


FORMS OF COMPOUND LEAVES. 


the midrib, or petiole (fig. 175), and receive the name of foliola or 
leaflets. The midrib, or petiole, has thus the appearance of a branch 
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with separate leaves attached to it, but it is considered properly as 
one leaf, because in its earliest state it arises from the axis as a single 
piece, and its subsequent divisions in the form of leaflets are all in 
one plane. When a compound leaf dies, it usually separates as one 
piece. The leaflets are either sessile (tig. 176), or have stalks, called 



petiolules (fig. 175), according as the vascular bundles of the veins 
spread out or divaricate at once, or remain united lbr a certain length. 

Fig. 170, — Pedate or pedatifld leaf of Hellebore. Radiating venation. 

Fig. 1 71 Dolabrifi >rm or axe-shaped fleshy succulent leaf. Hidden-veined. 

Fig. 172.— Acinaciform or scimitar-shaped succulent leaf. Hidden-veined. 

Fig. 173. — Oval leaf with converging veins; not reticulated. 

Fig. 174.— Palmately-lohcd leaf, crisp or undulated at the margin. Radiating venation. 

Fig. 175.— Leaf of Rohinia pseudo-acacia, often called Acacia. The leaf is impari-pinnate, and 
alternately pinnate. The pinna 1 are supported on stalks or petiolules. p } Petiole or leaf-stalk. 
I, Lamina or blade divided into separate leaflets or pinnas. 

Fig. 176.— Septenate leaf of JRsculus Ilippocastanum or Horse-chestnut, p, Petiole. 1, Lamina, 
divided into seven separate leaflets. ? 
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152. Compound leaves have been classified according to the nature 
of the venation, and the development of parenchyma. In a feather- 
veined leaf, if the divisions extend to the midrib, and each of the 
primary veins spreads out or branches so as to become covered with 
parenchyma, and thus form separate leaflets, which are usually articu- 
lated to the petiole or midrib (fig. 177), the leaf is pinnate (pinna, a 
wing or feather). If the midrib and primary veins are not covered 
with parenchyma, while the secondary (or those coming off in a feather- 
like manner from the primary veins) are, and separate leaflets are 
thus formed which are usually articulated with the veins, the leaf is 
bipinnatc (fig. 178). Tn tliis case the secondary veins form as it were 
partial petioles. A farther sub-division, in which the tertiary veins 
only are covered with parenchyma and have separate leaflets, gives tri- 
pinnate or decompound , in which case, the tertiary veins form the partial 
petioles ; and a leaf divided still more is called svpradecompo and (fig. 
179). 

153. When a pinnate leaf has one pair of leaflets, it is unijugate 



% one, and jngmn , a yoke) ; when it has two pairs, it is bijngate ; 
many pairs, multijugate (fig. 175). When a pinnate leaf ends in a 
pair of pinnae (fig. 177), it is equally or abruptly ‘pinnate f par 5 -pinnate); 
"when there is a single terminal leaflet (fig. 175), the leaf is vneqally 
pmnate (impari -pinnate) ; when the leaflets or pinnae are placed alter- 
nately on either side of the midrib, and not directly opposite to each 


Fig. 177. — Pari-pirmato leaf with six pairs of pinneo (sexjngate). 
log. 178.--Iiipinnat« leaf, with sessile foliola or leaflets. 

I 1 ig. 179.— Part of the su pradecom pound leaf of Laserpitiuni hirsutum. 
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other, the leaf is alternately pinnate (fig. 175); and when the pinna? 
are of different sizes, the leaf is interruptedly pinnate (fig. 180). 

154. In the case of a leaf with radiating venation, if the ribs are 
separately covered with parenchyma, and each leaflet is articulated to 
the petiole, the leaf becomes termite (fig. 141, 181) if there arc three 
divisions; ijuaternatc , if four (fig. 142); primate, if five; sc j iterate, if 
seven (fig. 170), and so on.* If the three ribs of a ternate leaf sub- 
divide each into three primary veins, which become covered with 
parenchyma so as to be separate articulated leaflets, the leaf is bitemate; 
and if another three-fold division takes place, it is triternate (fig. 182). 



155. Petiole or Leaf-stalk. — This is the part winch unites the limb 
or blade of the leaf to the stem (figs. 132 and 1757?). It consists of one 
or more bundles of vascular tissue, with a varying amount of paren- 
chyma. The vessels are, spiral vessels connected with the medullary 
sheath in Exogens and with the fibre -vascular bundles in Endogens, 
porous vessels and other forms of fibro-vascular tissue, woody tissue, 
and laticiferous vessels. These vessels are enclosed in an epidermal 
covering, destitute of stomata., and are more or less compressed. 
When the vascular bundles reach the base of the lamina, they separate 
and spread out in various ways, as already described under venation. 
A large vascular bundle is continued through the lamina to form the 
midrib (fig. 133, n m), and sometimes several large bundles form 
separate ribs (fig. 140, 1G2), whilst the ramifications of the smaller 
bundles constitute the veins. 

150. At the place where the petiole joins the stem, there is fre- 



* Some apply the term digitate to radiating compound leaves with five or seven leaflets. 
Fig. 180,— Impart and alternately pinnate leaf. Leaflets or pinna? sessile, and serrated at the 
margin. 

Fig. 181. — Ternate leaf of Strawberry. Margin of leaflets, toothed or dentate, p, Petiole 
with projecting hairs. I, Lamina divided into three leaflets. 

Fig. 182.— Triternate leaf. Leaflets cordate. J, 
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quently an articulation or a constriction with a tendency to disunion, 
and at the same time there exists a swelling (tig. 203 p), called pulvinus 
( pulvimis , a cushion), formed by a mass of cellular tissue. At other 
times the petiole is not articulated, but is cither continuous with the 
stem, or forms a sheath around it. At the point where the petiole 
is united to the lamina, or where the midrib joins the leaflets of a 
compound leaf, there is occasionally a cellular dilatation called struma 
{struma, a swelling), with an articulation. This articulation or joint is 
by many considered as indicating a compound leaf, and hence the leaf of 
the orange is considered as such, although it consists of one undivided 
lamina (fig. 183). In articulated leaves, the pulvinus maybe attached 
either to the petiole or to the axis, and may fall with the leaf, or remain 
attached to the stem. When articulated leaves drop, their place is marked 
by a cicatrix or scar, seen Inflow the lmd in fig. 203. In this scar, the re- 
mains of the vascular bundles, c, arc seen; anti its form furnishes charac- 
ters by which particular kinds of trees may be known whin notin leaf. 

1 57. The petiole varies in length, being usually shorter than the lamina, 
but sometimes much longer. Jn some palms it is fifteen or twent y 
leet long, and is so firm as to be used for poles or walking-sticks. 
In general, the petiole is more or less rounded in its form, the upper 
surface being flattened or grooved. Sometimes it is compressed later- 
ally, as in the Aspen, and to this peculiarity the trembling of the leaves 
of this tree is attributed. In aquatic plants, the leaf-stalk is sometimes 


distended with air 


(fig. 183 p), as in 
Fontederia and Tra- 
pa, so as to float 
the leaf. At other 
times it is winged, 
or lias a leaf-like ap- 
pearance, as in the 





pitcher plant (fig. 184 p), orange (fig. 185 p>), lemon, and Diomea 


Fig, 183. Loaf with a quadrangular toothed lamina or blade, Z, and an inflated petiole, p, con- 
taining air cells. 

Fig. 184. — Ascidium or pitcher of Nepenthes. p } Winged petiole which becomes narrowed, 
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(fig.186 p). In some Australian Acacias, and in some species of 
v)xaii$, Bupleurum, &c., the petiole is flattened in a vertical direc- 
tron, the vascular bundles separating immediately after quitting the 
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stem, and running nearly parallel from base to apex. This kind 
of petiole (fig. 188 p), has been called Phyllodium (tp&XXov, a leaf, 
and etbog, form). In these plants the lamina? or blades of the leaves 
are pinnate, bipinnate, or ternate, and are produced at the extre- 
mities of the phyllodia in a horizontal direction (fig. 188 l ) ; but in 
many instances they are not developed, and the phyllodium serves 
the purpose of a leaf. Hence, some Acacias are called leafless. These 
phyllodia, by their vertical position, and their peculiar form, give a 
remarkable aspect to vegetation. On the same Acacia, there occur 
leaves with the petiole and lamina perfect; others having the petiole 
slightly broadened or winged, and the lamina imperfectly developed ; 
and others in which there is no lamina, and the petiole becomes large 

Fig. 186.— Leaf of Dion sea nmseipula, or Venus’ Fly-trap, p, Dilated or winged petiole. 

Jointed blade, ibe two fringed halves of which fold on each other, when certain hairs on the 
upper surface arc touched. 

Fig. 187— A scidiura, or Pitcher of Sarracenia, formed by the petiole of the leaf. The lid is 
not articulated to the pitcher as in Nepenthes (fig. 184). 

Fig. 188.— Leaf of Acacia heterophylla. p, Phyllodium or enlarged petiole, with straight 
venation. 1 1, Lamina or blade which is bipinnate. The blade is frequently awanting, and the 
phyllodium is the only part produced. 
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and broad. Some petioles, in place of ending in a lamina, form a 
tendril or drrhus 201), so as to enable the plant to climb. 

Stipules . 

158. At the place where the petiole joins the axis, a sheath 
(vagina) is sometimes produced, which embraces the whole or part of 
the circumference of the stem (fig. 132 //). This sheath is formed by 
the divergence of the vascular bundles which separate so as to form a 
hollow cavity towards the stem. The sheath is occasionally developed 
to such a degree as to give a character to the plants. Thus, in the 
Ehubarb tribe, it is large and membranous, and has received the name 
of ochrea or boot (fig. 132 g ) ; while in Palms it forms a kind of net- 
work, to which the name of 'reticulum has been given (If 57); and in 
umbelliferous plants, it constitutes the pericladium (creg/, around, and 
%\adog, a branch). In place of a sheath, leaves are occasionally pro- 
duced at the base of the petiole (fig. 189 s s\ 
which have been denominated stipules (stipula, 
straw or husk). These stipules are often two 
in number, and they are important as sup- 
plying characters in certain natural orders. 

Tims they occur in the Pea and Bean family, 
in Rosaceous plants, and the Cinchona bark 
family. They are rarely met with in Endo- 
gens, or in Exogens with sheathing petioles, 
and they are not common in Exogens with 
opposite leaves. Plants having stipules, are stipulate; those having 
none, are exstipulate . 

159. Stipules are formed by some of the vascular bundles diverg- 
ing as they leave the stem, and becoming covered with parenchyma, 
so as to resemble true leaves. Like leaves they arc large or 
small, entire or divided, deciduous or persistent, articulated or lion- 
articulated. Their lateral position at the base of the petiole, distin- 
guishes them from true leaves. In the Pansy, the true leaves are 
stalked and crenate, while the stipules are large, sessile, and pinnatifid. 
In Lathy rus aphaca, and some other plants, the true pinnate leaves 
are abortive, the petiole forms a tendril, and the stipules alone are 
developed, performing the office of leaves. 

160. When stipules are attached separately to the stem at the base 
of the leaf, they are called caulinary . Thus, in fig. 189, r is a branch 
of Salix aurita, with a leaf, f having a bud, in its axil, and two 
caulinary stipules, $ s. When stipulate leaves are opposite to each 



Fig. 189. — Portion ot a branch, r, of Salix aurita, bearing a single petiolate leaf, /, which nan 
neon cut across, a s t Stipules, b, Bud in the axil of the leaf. 
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other at the same height on the stem, it occasionally happens that the 
stipules at either side unite wholly or partially, so as to form an inter- 
petiolary or inte? foliar (inter, between) stipule, as in Cinchona (fig. 

190 $). In the case of alternate leaves, the stipules at the base of 
each leaf are sometimes united to the petiole and to each other, so as 
to form an actuate, adherent, or petiolary stipule, as in the Rose (fig. 

191 ,$*)? or an axillary stipule, as in Ilouttuynia cordata (fig. 192 .«). 




In other instances, the stipules unite together on the side of the stem 
opposite the leaf, and become synochreate (<ruv, together), as in Astragalus 
(fig. 193 s). The union or adhesion of stipules is not an accidental 


s, Interpetiolary or 


. Fig' tOO- Branch, r, and two loaves, ff t of Cephalanthus oecidentalis. 
mterfoliar stipule, termed by the partial union of two. 

m ^ V ° T JT of a branch, r, of Rosa canina,or dog-rose, bearing a single leaf, f t with its 
^Sf le ^?h tS T? e h^ ar ^ or . a( natc Btl P u l e8 > 8 < its axillary bud, b, and its aculoi or prickles a. 

\ ig ‘ 1 ?{-£ rtwn of a £ mncb ' r > of tlouttuynia cordata, with a leaf, J\ and an axiUary stipule, 
a, formed by tnc union of two, ' 1 1 

J 1 *- ^.-Branch, r, and portion of the leaf,/, of Astragalus Onobrychis, with a synochreate 
stipule, formed by the union of two stipules on the opposite side of the branch from that to which 
left af ^ attacbed * Ieaf 18 Pinnate, and in the figure three pairs of leaflets or pinna* are 
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occurrence taking place after they have been developed ; but is in- 
timately connected with the general law, in accordance with which the 
parts of the plants arc formed. 

161. Stipules are sometimes large, envelop- 
ing the leaves in the young state, and killing 
off in the progress of growth, as in Ficus, 

Magnolia, and Potamogeton ; at other times 
they are so minute as to be scarcely distin- 
guishable without the aid of a lens, and so 
fugaceous as to be visible only in the very 
young state of the leaf. Tn grasses, the sheath 
or sheathing petiole (fig. 1 94 <j v) has a prolon- 
gation or folding of the epidermis* at its upper 
part, distinct from the leaf, to which the name of 
lifjulc (lignin, a small slip) has been given (fig. 

194 g f). Some consider it as equivalent to a 
stipule. It is cither long or short, acute or 
blunt, entire or divided, and thus gives rise to 
various characters. At the base of the leaf- 
lets or foliola of a compound leaf, small stipules 
are occasionally produced, to which some have 
given the name of stipefe. 

Anomalous Forms of Leaves and Petioles. 

1G2. Variations in the structure and forms of leaves and leaf- 
stalks are produced by the increased development of cellular tissue, by 
the abortion or degeneration of parts, by the multiplication or repeti- 
tion of parts, and by adhesion. When cellular tissue is developed to 
a great extent, leaves become succulent, and occasionally assume a 
crisp or curled appearance. Such changes take place naturally, but 
they are often increased by the art of flic gardener; and the object of 
many horticultural operations is to increase the bulk and succulence of 
leaves. It is in this way that Cabbages and Greens are rendered more 
delicate and nutritious, 

1 63. In some plants true leaves are not produced, their place being 
occupied by dilated petioles or phyllodia (% 157), or by stipules 
(H 159). In other instances scales are formed instead of leaves, as in 
Orobauche, Lathnea, and young Asparagus (fig 110 /). Divisions 
take place in leaves when there is a multiplication of their parts; 
and a union of two or more leaves, or of parts of leaves, occurs in many 

* See Deduplication, under the head of Corolla. 

nr °f a Ulialaris arundinacea, one of the grasses. /, Laminar merithal 

t ie witl1 parallel venation. <j v, Vaginal, or sheathing portion repre- 

senting the petiole, ending in a membranous process or ligule, g l. 




HO ASCIDIA OR PITCHERS. 

cases. When two lobes at the base of a leaf are prolonged beyond 
the stem and unite (fig. 156), the leaf is perfoliate (per, through, and 
folium , leaf), the stem appearing to pass through it, as in Bupleurum 
perfoliatum, find Ghlora perfoliata; when two leaves unite by their 
bases they become connate (con, together, and natus, born), as in 
Lonicera Caprifolium ; and when leaves adhere to the stem, forming 
a sort of winged or leafy appendage, they are decurrent (i decurro , to 
run down or along), as in Thistles. 

164. The vascular bundles and cellular tissue arc sometimes devel- 

oped in such a way as to form a circle, with a hollow in the centre, and 
thus give rise to what are called JUstular ( fistula , a pipe) or hollow leaves, 
and to ascidia (uGrJhiov, a small bag) or pitchers . Hollow leaves are 
well seen in the Onion. Pitchers are formed either by petioles or by 
lamina, and they are composed of one or more leaves. In some Con- 
vallarias, two leaves unite to form a cavity. In Sarracenia (fig. 1 87) 
and Heliamphora, the pitcher is composed apparently of the petiole of 
the leaf, in Nepenthes (fig. 184), and perhaps in Cephalotus, while 
the folding of a winged petiole, p, forms the pitcher, a , the lid, e, which 
is united by an articulation, corresponds to the lamina. This kind of 
ascidiuin is called cali/ptrimorphous (xaXi<rrga, a covering, and P'Og'prj, 
form), and may be considered as formed by a leaf such as that of the 
Orange (fig. 185); the lamina, e, being articulated to the petiole, p, 
which, when folded, forms the pitcher. In Discliidia Eafflesiana, a climb- 
ing plant of India, the pitchers, according to Griffith, are formed by 
the lamina of the leaf, and have an open orifice into which the rootlets 
at the upper part of the plant enter. These pitchers would seem 
therefore to contain a supply of fluid for the nourishment of the upper 
branches of the plant. In Utricularia, the leaves form sacs called am- 
pulla?. ■■ ~ - , 

Structure and Form of Leaves in the Great Division of the Vegetable 

Kingdom . 

165. Exogenous or Dicotyledonous Leaves. — In Exogens, the vena- 
tion is reticulated, the veins coining off at acute angles and forming 
an angular network of vessels (fig. 136), and the tracheae communi- 
cating with the medullary sheath. They are frequently articulated, ex- 
hibit divisions at their margin, and become truly compound. There 
are no doubt instances in which the veins proceed in a parallel man- 
ner, but this will be found to occur chiefly in cases where the petiole 
may be considered as occupying the place of the leaf. Examples of 
this kind are seen in Acacias (fig. 188), as well as in Kanunculus 
gramineus, and Lingua. 

166. Endogenous or jfftonocotyledonoug Leaves. — In Endogens, the 
leaves do not present an angular network of vessels, nor do they ex- 
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hibit divisions on their margin. Their venation is generally parallel, 
and their margin entire (fig. 135, 194). Exceptions to this rule 
occur in some plants, as Tamus and Dioscorea, which have been called 
Dictyogens by Lindley, on account of their somewhat netted venation ; 
and in Palms, in which although the leaves are entire at first, they 
afterwards become split into various lobes. Endogenous leaves are 
rarely stipulate, unless the ligule of grasses be considered as being a 
stipule. Their leaves ;ire often sheathing, continuous with the stem 
(forming a spurious stem in Bananas), and do not fall off by an artic- 
ulation. When there is only a slight divergence of their veins, they 
may be looked upon more as enlarged and flattened petioles than as 
true laminae. This remark is illustrated by the leaves of Typha and 
Iris. In some Endogens, as in Sagittaria sagittifolia, the submerged 
and floating leaves are narrow, like petioles, while those growing erect 
above the water expand and assume an arrow-like shape (fig. 165). 

167. Acrogenons or Acotyledonons Leaves* — In Aerogens, the leaves 
vary much; being entire or divided, petiolated or sessile, often feather- 
veined, occasionally with radiating venation, the extremities of the 
veins being forked. The ftbro-vascular bundles of the leaves resemble 
those of the stem both in structure and arrangement. In Thallogens, 
the leaves when present have no vascular venation. In many of 
them, as Lichens, Fungi, and Algae, there are no true leaves. 


Phyllotaxis , or the Arrangement of the Leaves on the Axis. 

1 68. Leaves occupy various positions on the stem and branches, 
and have received different names according to their situation. Thus, 
leaves arising from the crown of the root, as in the Primrose, are 
called radical ; those on the stem are cauline ; on the branches, ramal ; 
on flower-stalks, foral leaves . The first leaves developed are deno- 
minated seminal ( [semen , a seed), or cotyledons (zorvAqbojv, a name given 
to a plant) ; and those which succeed are primordial (primus, first, 
and or do, rank). 

169. The arrangement of the leaves on the axis and its appendages 
is called phyllotaxis (puXXov, a leaf, and ra^/g, order). In their 
arrangement, leaves follow" a definite order. It has been stated 
already (^ 67) that there are regular nodes or points on the stem 
(fig. 195 n) at which leaves appear, and that the part of the stem 
between the nodes is the irUernode or menthol (fig. 195 w). Each 
node is capable of giving origin to a leaf. Occasionally several nodes 
are approximated so as to form as it were one, and then several leaves 
may be produced at the same height on the stem. When two leaves 
are thus produced, one on each side of the stem or axis, and at the 
same level, they are called opposite (fig. 196) ; when more than two 
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are produced (fig. 1G8, 197), they are verticillate ( verto , to turn), and 
the circle of leaves is then called a verticil or whorl. When leaves are 



opposite, the pairs which arc* next each other, Imt. separated by an in- 
ternode, often cross at right angles (fig. 19 G a ft), or decussate (decusso, to 

cut crosswise), following thus a law of alter- 
nation. The same occurs in verticils, the 
leaves of each whorl being alternate with 
those of the whorl next to it ; or, in other 
words, each leaf in a whorl occupying the 
space between two leaves of the whorl next 
to it. There, are considerable irregularities, 
however, in this respect, and the number 
of leaves in different whorls is not always 
uniform, as may be seen in Lysimaeliia 
vulgaris. 

170. When a single leaf is produced at a 
node, and the nodes are separated so that 
each leaf occurs at a different height on the 
stem, the leaves are a Item ate (fig. 198). 
The relative position of alternate leaves 
varies in different, plants, although it is 
tolerably uniform in each species. In fig. 195, leaf 1 arises from a 



Fig. 595. — Portion of a branch of a Lime tree., with four leaves arranged in a distichous manner, 
or in two row's. a, The "branch with the leaves numbered in their order, n being the node, and 
m the iutemode or merithal. b, Ts a magnified representation of the branch, showing the 
cicatrices of the leaves and their spiral arrangement, w hich is expressed hy or one turn of 
the spiral and two leaves. 

Fig. 196.— Opposite, decussate leaves of Pimelea decussata. a, A pair of opposite leaves. 
b, another pair placed at right, angles. 

Fig. 197.— Leaves of Lysimachia vulgaris, in verticils or whorls of three. The leaves of eaeli 
verticil alternate with those of the verticils next it. In this plant the number of the leaves in 
a verticil often varies. 
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node, n ; leaf 2 is separated by an internode or merithal, w, and is 
placed to the right or left ; while leaf 3 is situated directly above 
leaf 1. The arrangement in this case is distichous (dig, twice, and 
frr/^oc, order), or the leaves are arranged in two rows. In fig. 199, on 
the other hand, the fourth leaf is that directly above the first, and the 
arrangement is tristichous (rgs/£, three, and order). The same 

arrangement continues throughout the stems, so that in fig. 199 the 
7th leaf is above the 4th, the lOtli 
ibove the 7th ; also the 5th above 
the 2nd, the fith above the 3rd, 
fAid so on. There is thus through- 
out a tendency to a spiral arrange- 
ment, the number of leaves in the 
spire or spiral cycle, and the num- 
bei of turns varying in different 
plants. In plants whose leaves 
are close to each other, the spiral 
tendency is easily seen. In the 
Serov pine (Pandanus odoratis- 
simus'j, in the Pine-apple family, 
and in some Palms, as Coryplia 
centers,, the screw-like arrange- 
ment of the leaves is obvious. 

This mode of development prevails 
in all parts of plants, and may be 
considered as depending on their 
manner of growth in an upward 
and at the same time in a lateral direction. Alternation is looked upon 
as the normal arrangement of all parts of plants. 

171. In a regularly-formed straight branch covered with leaves, if 
a thread is passed from one to the other, turning always in the same 
direction, a spiral is described, and a certain number of leaves and of 
complete turns occur lx Tore reaching the leaf directly above that from 
which the enumeration commenced. This arrangement has been 
reduced to mathematical precision,* and Braun lias expressed it 
by a fraction, the numerator of which indicates the number of 
turns, and the denominator the number of leaves in the spiral cycle. 
Thus, in fig. 198 a ft, the cycle consists of five leaves, the Gth leaf 
being placed vertically over the 1st, the 7th over the 2d, and so 
on ; while the number of turns between the 1st and Gth leaf is two: 



Fig. 198.— Furt ot ft branch of a Cherry with six loaves, the sixth being placed vertically 
over the first, after two turns of the spiral. This is expressed by 'i or the quincunx, a, The 
branch, with the leaves numbered in order. ?/, A magnified representation of the branch, show 
nig the cicatrices of the leaves or their points of insertion, and their spiral arrangement. 

* For a full account of Pliyllotaxis, see Uravais Mem. sur la Disposition G<iometriquc des 
reuilles. Amiales des Sciences NaturcHcs. Jan. and Feb. 182,57. 
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hence, this arrangement is indicated by the fraction g. In other 
words, the distance or divergence between the first and second leaf, 
expressed in parts of a circle, is \ of a circle, or 360 -r ?> == 144°. 

In fig. 195, a h , the spiral is t. e. 
y v 9 / one turn and two leaves ; the third leaf 

\ i y 7 being placed vertically over the first, 

\ in t C ) and the divergence between the first 

1 hf' 7 m r's and second leaf being one-half the cir- 

§fl q cumference of a circle, 3 GO -r — 180° 
111 5 Si Again, in fig. 199, a b, the number is 

Jw B B A or one turn and three leaves, the an- 

6 gular divergence being 120°. 

™1\ 2 HI 172. cnses 'where the internod.es 

■All H I, arc very short, and the leaves are closely 

JBiXx ^ applied to each other, as in the House- 

2 6 leek, it is ditiicult to trace what has 

Kl \ v been called the generating spiral, or 

1 Ju tliat which passes through every leal’ 

™ ^ of the cluster. Thus, in fig 200, there 

« are thirteen leaves which are numbered 

in their order, and five turns of the 


spiral marked by circles in the centre (V* indicating the arrange- 
ment) ; but this could not be detected at once. So also in Fir cones 
(fig. 201), which are composed of scales or modified leaves, the gene- 
rating spiral cannot be determined easily. In such cases, however, 
there are secondary spirals running parallel to each other, as is seen 
in fig. 201, where spiral hues pass through scales numbered 1, G, 11, 
16, Ac., and 1, 9, 17, Ac., and by counting those which run parallel 
in different directions, the number of scales intervening between 
every two in the same parallel coil may be ascertained. Tims, in fig, 
201, it will be found that there are five secondary spirals running 
towards the right and parallel to each other, the first passing through 
the scales 1, 6, 11, 16, Ac. ; the second through 9, 14, 19, 24, Ac. ; 
the third through 17, 22, 27, 32, 37, Ac. ; the fourth through 30, 35, 
40, 45, Ac. ; the fifth through 42, 48, 53, Ac. The number of these 
secondary spirals indicates the number of scales intervening between 
every two scales in each of these spirals — the common difference being 
five. Again, it will be found on examination that there are a number 
of secondary spirals running to the left, in which the common difference 
between every two settles is eight, and that this corresponds to the 
number of secondary spirals, the first of which passes through the 
scales 1, 9, 17, Ac. ; the second through 6, 14, 22, 30, Ac. ; the third 


Fig. 199. — Young plant of Cyperus esculentus, with loaves in three rows, or tristiclious, ex- 
pressed by the fraction or one turn and three leaves, a, The plant, with its leaves numbered 
in their order, b , Magnified representation of the stem, showing the insertion of the leaves and 
their spiral arrangement. 
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through 3, 11, 19, 27, 35, 42, and so on. Thus it is that, by counting 
the secondary spirals, all the scales may be numbered, and, by this 



173. The primitive or generating spiral may pass either from right 
to left or from left to right. It sometimes follows a different direction 
in the branches from that pursued in the stem. When it follows the 
same course in the stem and branches, they are liomodromovs (o/uoiog, 
similar, and dgo/Aog, a course) ; when the direction differs, they are 
heterodromous (e'rzgog, another). In different species of the same genus 
the phyllotaxis frequently varies. 

174. Considering alternation as the usual leaf-arrangement, some 
have supposed that opposite leaves are owing to the development of 
two spirals in opposite directions, while others look upon them as pro- 
duced by two nodes coming close together without an internode. A 
verticil, in the latter view, will be the result of the non-development of 
more than one internode. Thus, in fig. 195, if the space between 1 
and 2 were obliterated, or the internode, m, not developed, the leaves 
would be opposite. In fig, 198, if the spaces between each of the 
leaves were obliterated, there would be a verticil of five leaves. In 
many plants there is a law of arrestment of development, by which 
opposite and vertieillate leaves are naturally produced : but in such 

Fig. 200.— ‘Cycle of thirteen leaves placed closely together so as to form a rosette, as in 
Sempervivum. A, is the very short, axis to which the leaves are attached. The loaves are 
numbered in their order, from below upwards. The circles in tin? centre indicate the live turns 
of the spiral, and show the insertion of each of the leaves. The divergence is expressed by tlu* 
fraction 

Fig. 201.— Cone of Pimis alba, with the scales or modified loaves numbered in the order of 
their arrangement on the axis of the cone. The lines indicate a rectilinear series of scales, 
and two lateral secondary spirals, one turning from left to right, the other from right to left. 




92 


PHYLLOTAXIS OR LEAF- ARRANGEMENT. 


cases the alternation is still seen in the arrangement of the different 
clusters of leaves. 

175. In some cases the effect of interruption of growth, in causing 
alternate leaves to become opposite and verticil late, can be distinctly 
shown, as for instance in Rhododendron pontienm. In other cases, 
parts which are usually opposite or verticiilate, become alternate by 
the vigorous development of the axis : and on different parts of the same 
stem, as in Lysimachia vulgaris, there may be seen alternate, opposite, 
and verticiilate leaves. When the interruption to development takes 
place at the end of* a branch, the leaves become fasciculate ( fasciculus , 
a bundle) or clustered, as in the Larch. A remarkable instance of the 
shortening of internodes, and the clustering of leaves, occurred in the 
Palm house of the Botanic Garden of Edinburgh, in the case of a 
Bamboo which was exposed for many months to a low temperature, 
during the time that the roof of tin* house was being renewed. The 
plant had been growing rapidly, with its internodes of the usual 
length, but it was suddenly arrested near the summit, the internodes 
became gradually shortened, till the nodes were close to each other, 
and the leaves came off in bunches. All modifications of leaves follow 
the same laws of arrangement as true leaves — a fact which is of im- 
portance in a morphological point, of view. 

170. In Exogenous plants, the first leaves produced, or the 
cotyledons, are opposite. This arrangement often continues during 
the life of the plant, but at other times it changes. Some tribes of 
plants are distinguished by their opposite or verticiilate, others by 
their alternate, leaves. Labiate plants have decussate leaves, while 
Boraginacea 1 have alternate leaves, and Tiliacese have distichous leaves 
in general; Cinch onaceap have opposite leaves; Galiacea', verticiilate. 
Such arrangements as and are common in Exogens. The 

first of these, called quincunx (quincunx, an arrangement of five), is met 
with in the Apple, Pear, and Cherry (fig. 198); the second, in the Bay, 
Holly, Plan tago media.; the third, in the cones of Pinus alba (fig. 201); 
and the fourth, in those of the Pinus Picea. In Endogenous plants, 
there is only one seed-leaf or cotyledon produced, and hence the 
arrangement is at first alternate; and it generally continues so more or 
less. Such arrangements as \ (fig. 199), and -sj, are common in 
Endogens, as in Grasses, Sedges, and Lilies. In Acrogens, the leaves 
assume all kinds of arrangement, being opposite, alternate, and ver- 
ticiUate. It has been found in general that, while the number 5 
occurs in the phyllotaxis of Exogens, 3 is common in that of Endogens. 

177. Although there is thus, in the great divisions of the vegetable 
kingdom, a tendency to certain definite, numerical arrangements, yet 
there are many exceptions. In speaking of Palms, which are endogenous 
plants, Martius states that the leaves of different species exhibit the 
following spirals — d, T \, f-f, jj. In the species of the genus 
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Pinus, A, i J, H? occur. Thus, wliile it has been shown that the 
phylloplastic (<pv\\ov, a leaf, and nXatfTixbc,, formative), or leaf-formative 
power, moves in a spiral round the axis, it has been found impossible 
to apply phyllotaxis satisfactorily to the purposes of classification. 

178. The spiral arrangement of the leaves allows all of them to be 
equally exposed to air and light, and thus enables them to carry on 
their functions with vigour. The form of the stem is also probably 
connected with the leaf arrangement. When leaves arc opposite and 
decussate, the stems are often square, as in Labiate plants. The or- 
dinary rounded stem appears to be associated with a certain degree of 
alternation in the separate leaves, or in the different pairs of leaves, 
when they are opposite. 

179. The study of the structure, forms, and arrangement of leaves, 
is of great importance, when it is considered that all parts of plants are 
to be looked upon as leaf-formations variously modified, in order to 
serve special purposes in the economy of vegetation. The morphological 
relations of leaves, or the varied forms which they assume*, will be 
illustrated during the consideration of the organs of reproduction, and 
of the doctrine of metamorphosis, as propounded by Goethe and others. 
It is only by looking upon all the organs of plants in their relation to 
the leaf as a type, that a philosophical view can be given of the great 
plan on which they have been formed. 

Leaf-burls . 

180. Leaf-biuls contain tin 1 rudiments of branches, and are found 
in the axil of previously-formed leaves (fig. 202 ha, ba , ha ) ; or, in 
other words, in the angle formed between the 
stem and leaf. They are hence called axillary, 
and may be either terminal, b t, or lateral, b a. 

In their commencement, they arc cellular pro- 
longations from the medullary rays bursting 
through the bark. The central cellular por- 
tion is surrounded by spiral vessels, and is 
covered with rudimentary leaves. In the pro- 
gress of growth, vascular bundles arc formed 
continuous with those of the stem; and, ulti- 
mately, branches are produced which in every 
respect resemble the axis whence the buds first 
sprung. The cellular portion in the centre 
remains as pith with its medullary sheath, which 
is closed and not continuous with that of the 
parent stem. Thus, in the stem and branch, this sheath forms a 

Fig. 202. — Upper portion of a branch of Loniccra nigra in a state of hibernation, that is to say, 
after the fall of the loaves ; covered with leaf-buds, b t, A terminal bud. h a , b a , b a. Axillary 
lateral buds. Below the buds, the cicatrix or scar left by the fallen leaves is seen. 
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canal which is closed at both extremities, and which sends pro- 
longations of spiral vessels to the leaves. As the axis or central 
portion of the leaf-bud increases, cellular projections appear at regular 
intervals, which are the rudimentary leaves. 

181. A leaf -bud may be removed in a young state from one plant 
and grafted upon another, by the process of budding , so as to continue to 
form its different parts ; and it may even be made to grow in the soil, in 
some instances, immediately after removal. In certain cases, leaf-buds 
are naturally detached during the life of the parent, so as to form 
independent plants, and thus propagate the individual. Leaf-buds 
have on this account, been (jailed fixed embryos , by Petit-Tliouars and 
others. They are embryo plants fixed to the axis, capable of sending 
stems and leaves in an upward direction, and woody fibres downwards, 
which, according to some, may be considered as roots. A tree may 
be said to consist of a series of leal-buds, or phytons ( pvrov , a plant), 
attached to a common axis or trunk. In ordinary trees, in which 
there is provision made for the formation of numerous lateral leaf-btids, 
any injury done to a few branches is easily repaired ; but in Palms, 
which only form central leaf-buds, and have no provision for a lateral 
formation of them, an injury inflicted on the bud in the axis is more 
likely to have a prejudicial effect on the future life of the plant. 

182. In the trees of temperate and cold climates, the buds which 
are developed during one season lie dormant during the winter, ready 
to burst out under the genial warmth of spring. They are generally 
protected by external modified leaves in the form of scales, tegmenta or 
penda? ( tegmenta , coverings, peruke, small bags), which are of a firmer 
and coarser texture than the leaves themselves. These scales or pro- 
tective appendages of the bud, consist either of the altered lamina?, 
or of the enlarged pctiolary sheath, or of stipules, as in the Fig and 
Magnolia, or of one or two of these parts combined. They serve a 
temporary purpose, and usually fall off sooner or later after the leaves 
are expanded. The bud is often protected by a coating of resinous 

matter, as in the Horse-chestnut and Balsam poplar, or 
irrki b y a thick downy covering, as in the Willow. Lin- 
%Mk na?us called leaf-buds Jdbernacula , or the winter 
quarters of the young branch. 

NT HB 1 83. In the bud of a common tree, as the Syca- 
VWF lnore (fig- 203), there is seen the cicatrix left by the 
MBR- c leaf of the previous year, c, with the pulvinus or 

? kbS ■ swelling, p, then the scales, e e, arranged alternately 

in a spiral manner, and overlying each other in what 
2 os is called an imbicated ( imbrex , a roof tile) manner. 

Fig. 203.— Leaf-bud of Acer psoudo-plataims covered with scales, r, The branch, p, Vulvinns 
or swelling at the base of the leaf which has fallen, leaving a scar or cicatricnla, c f in which 
the remains of three vascular bundles are seen e e, Imbricated scales of the bud. 
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On making a transverse section of the bud (fig. 204), the over-lying 
scales, e e e e, are distinctly seen surrounding the leaves, f which are 
plaited or folded round the axis or 
growing point. In plants of warm 
climates, the buds are often formed by 
the ordinary leaves without any pro- 
tecting appendages; such leaf-buds are 
called naked, jf 7 
184. Vernation. — The arrangement of 
the leaves in the bud lias been deno- 
minated vernation (ver, spring), or pra>- 
foliation (pm, before, and folium , leaf), 
or gemmation (gemma, a bud). This 
differs in different plants, but in each 
species it follows a regular law. The 
leaves in the bud • are either placed 
simply in apposition, afc^n the Misleto, or they are folded or rolled 
up longitudinally or laterally, giving rise to different kinds of verna- 
tion, as delineated in fig. 205 a — n, where the dot represents the axis, 

d e 

0 € 


i k l m n 




and the folded or curved lines, the leaves with the thickened part indi- 
cating the midrib; figs, a — g, being vertical sections; h — n, horizontal. 

185. The leaf taken individually, is either folded longitudinally from 
apex to base (fig. 205 a), as in the Tulip-tree, and called reclinate; 
or rolled up in a circular manner from apex to base, as in Ferns 


Fitf. 204.— Transverse section of the same leaf-luid. eeff, The scales arranged in an imbri- 
cated manner, like tlie tiles on a house. /, The leaves folded in a plaited manner, exhibiting 
plicate vernation. 
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(tig, 205 g\ and called circmate (circino, to turn round); or folded later- 
ally, conduplicate , as in Oak (tig. 205, b); or it has several folds like a 
fan, plicate or plaited, as in Vine and Sycamore (tig. 204 f 205 r), and 
in leaves with radiating vernation, where the ribs mark the foldings ; 
or it is rolled upon itself, convolute or sujwrvolute , as in Banana and 
Apricot, (tig. 205 d) ; or its edges are rolled inwards, involute , as in 
Violet (tig. 205 e); or outwards, revolute , as in Rosemary (tig. 205 /). 
The different divisions of a cut leaf may be folded or rolled up separ- 
ately, as in Ferns, while the entire leaf may have either the same or 
a different kind of vernation. f ; <• 

180. Other kinds of vernation receive tlieir names from the arrange- 
ment of the leaves in the bud, taken as a whole. Leaves in the 
bud are opposite, alternate, or verticillate ; and thus different kinds of 
vernation are produced. Sometimes they are nearly in a circle at 
the same level, remaining flat, or only slightly convex externally, and 
placed so as to touch each other by tlieir edges; thus giving rise to 
valvate vernation (tig. 205 It). At oilier times they are at different 
levels, and are applied over eacli other, so as to be imbricated , as in 
Lilac, and in the outer scales of Sycamore (tigs. 203, 201); and occa- 
sionally the margin of one leaf overlaps that of another, while it, in its 
turn, is overlapped by a third, so as to lie twisted or spiral (tig. 205 i). 
When the leaves are more completely folded, they either touch at their 
extremities (lig. 2()5 k\ or are folded inwards by tlieir margin, and 
become indupltcule (fig. 205 /); or a conduplicate leaf covers another 
similarly folded, while it covers a third, and thus tin* vernation is 
eguitant (riding), as in Privet (tig. 205 m)\ or conduplicate leaves are 
placed, so that the half of the one covers the half of another, and thus 
they become half-equitard or ob volute, as in »Sage (tig. 205 n). The 
scales of a bud sometimes exhibit one kind of vernation, and the 
leaves another (tig. 204). The same modes of arrangement occur in 
the flower-buds, as will be afterwards shown. 

187. Leaf-buds, as lias been stated, are either terminal or lateral. 
By the production of the former (tig. 202 h t), stems increase in length, 
while the latter (tig. 202 ha, ha, b a) give rise to branches, and add to 
the diameter of the stem. The terminal leaf-bud, after producing 
leaves, sometimes dies at the end of one season, and the whole plant, 
as in annuals, perishes; or part of the axis is persistent, and remains for 
two or more years, each of the leaves before its decay producing a 
leaf-bud in its axil. This leaf-bud continues the growth in spring. 

188. In some trees of warm climates, as Cycas, Papaw-tree, Palms, 
and Tree ferns, the production of terminal buds is well seen. In these 
plants, the elongation of the stem is generally regular and uniform, so 
that the age of the plant may be estimated by its height. Such stems 
(often endogenous) may thus be considered as formed by a series of 
terminal buds, placed one overJ.be other. From this mode of growth 
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they do not attain a great diameter (fig. 115, 1). In other trees, 
especially Exogens, besides the terminal bud, there are also lateral 
ones. These, by their development, give rise to branches (rami), from 
which others called branchlets or twigs (i ramuli ) arise. Such buds 
being always produced in the axil of leaves, are of course arranged 
in the same manner as the leaves are. By the continual production 
of lateral leaf-buds, the stem of exogenous plants acquires a great 
diameter. 

189. Although provision is thus made for the regular formation of 
leaf-buds, there are often great irregularities in consequence of many 
being abortive, or remaining in a dormant state. Such buds are 
called latent, and are capable of being developed in cases where the 
terminal bud, or any of the branches, have been injured or destroyed. 
In some instances, as in Firs, the latent buds follow a regular system 
of alternation ; and in plants with opposite leaves, it frequently hap- 
pens that the bud in the axil of one of the leaves only is developed, 
and the different buds so produced are situated alternately on opposite 
sides of the stem. 

190. When the terminal leaf is injured or arrested in its growth, the 
elongation of the main axis stops, and the lateral branches often acquire 
increased activity. By continually cutting off tli e terminal buds, a woody 
plant is made to assume a bushy appearance, and thus pollard trees are 
produced. Pruning has the effect of checking the growth of terminal 
buds, and of causing lateral ones to push forth. The peculiar bird-nest 
appearance often presented by the branches of the common Birch, 
depends on an arrestment in the terminal buds, a shortening of the 
internodes, and a consequent clustering or fascicule tion of the twigs. 
In some plants there is a natural arrestment of the main axis after a 
cerbiin time, giving rise to peculiar shortened stems. Thus the crown 
of the root (% 70) is a stem of this nature, forming buds and roots. 
Such is also the case in the stem of Cyclamen, Testudinaria elephan- 
tipes, and in the tuber of' the potato. The production of lateral in 
place of terminal buds, sometimes gives the stem a remarkable zigzag 
aspect. 

191. In many plants with a shortened axis, the lateral buds produce 
long branches. Thus the flagellum (flagellum, a whip or twig), or 
runner of the Strawberry and Kanunclus, is an elongated branch, 
developing buds as it runs along the ground; the propagnlum (pro- 
pago, a shoot), or offset, is a short thick branch produced laterally in 
fleshy plants from a shortened axis, and developing a bud at its ex- 
tremity, which is capable of living when detached, as in Houseleek. 
lig. 206 represents a strawberry plant in which a! is the primary 
axis, ending in a cluster of green leaves, r, and some rudimentary leaves, 
f and not elongating ; from the axil of one of the leaves proceeds a 
branch or runner, a", with a rudimentary leaf, f about the middle, 

g * 
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and another cluster of leaves,/ and r, forming a young plant with roots ; 
from this a third axis comes off, d'\ and so on. In many instances 

the runner decays, and the 
young plant assumes an inde- 
pendent existence. Gardeners 
imitate this in the propaga- 
tion of plants by the process 
of layering , which consists in 
bending a twig, fixing the 
central part of it into the 
ground, and, after the pro- 
duction of adventitious roots, 
cutting off its connection with 
the parent. 

192. When the stem creeps along the surface of the ground, as in 
the Rhizome (fig. 90), or completely under ground, as in the Soboles 
or creeping stem (fig. 91), the terminal bud continues to elongate 
year after year, thus making additions to the axis in a horizontal 
manner. At the same time buds are annually produced on one side 
which send shoots upwards and roots downwards. Tims, in fig. 91 
(soboles of a Rush), r is the extremity of the axis or terminal bud, / e 
the leaves in the form of scales, p a the aerial shoots or branches, 1 1 
being the level of the ground. Again, in fig. 90 (rhizome of Solomon’s 
seal), a is the terminal bud which has been formed subsequently to, fr, 
the bud which has sent up leaves, and which has decayed, c c being 
the scars left by the similar buds of previous seasons. 

193. Aerial and Subterranean Leaf-buds. — According to the nature 
of the stems, leaf-buds are either aerial or subterranean; the former 
occurring in plants which have the stems above ground, the latter 
in those in which the stems are covered. In the case of Asparagus 
and other plants which have a perennial stem below ground, sub- 
terranean buds are annually produced, which appear above ground 
as shoots or branches covered with scales at first (fig 110 /), and 
ultimately with true leaves. The young shoot is called a Tuna ( turio , 
a young branch). These branches are herbaceous and perish an- 
nually, while the true stem remains below ground ready to send up 
fresh shoots next season. In Bananas and Plantains, the apparent 
aerial stem is a shoot or leaf-bud sent up by an underground stein, and 
perishes after ripening fruit. In some plants, several branches are sent 
up at once from the underground stem, in consequence of a rapid 
development of lateral as well as terminal buds ; and in such cases the 

Fig. 206. — Flagellum, or Runner of the Strawberry, a, One axis which has produced a duster 
of leaves, the upper, r, green, the lower, /, rudimentary. From the axil of one of the latter, a 
second axis, a", arises, hearing about the middle a rudimentary leaf, /, and a cluster of leaves, 
r, partly green, and partly rudimentary, at its extremity. From the axil of one of the leaves of 
this cluster, a third abcis, <*' ' ", proceeds. 
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lateral ones may be separated as distinct plants in the form of suckers 
(surcnli). The potato is a thickened stem or branch capable of 
developing leaf-buds, which in their turn form aerial and subterranean 
branches, the former of which decay annually, wliile the latter remain 
as tubers to propagate the plant. Thus, in fig. 92, s s is the surface of 
the soil, p a is the aerial portion of the potato covered with leaves, t is 
the subterranean stem or tuber covered with small scales or projections, 
as represented at t b, from the axil of which leaf-buds are produced. 
This provision for a symmetrical development of axillary leaf-buds at 
once distinguishes the tubc^ of the potato from fleshy roots, like those 
of the Dahlia. ^ / 

194. Bulb. — A good example of a subterranean bud occurs in the 
Bulb, as seen in the Hyacinth, Lily, and Onion. This is a subterranean 
leal-bud covered with scales, arising from a shortened axis. From the 
centre of the bulb a shoot or herbaceous stem is produced which dies 
down. New bulbs, or cloves as they are called, are produced from 
the subterranean axis. At the base of the scales there is a flat- 
tened disc, varying in thickness, which is formed by the base of the 
buds, and which has sometimes been called the stem. The parts of 
the bulb are seen in fig. 207, where p marks the disc or round flat 
portion formed by the bases of the lateral buds from which the fasci- 
culated roots, r, proceed, e the scales or modified leaves, and /the true 
leaves. In the vertical section (fig. 208), b is the new bulb formed like* 



a bud in the axil of a scale. The new bulb sometimes remains attached 
to the parent bulb, and sends up an axis and leaves ; at other times it 


/ig. 207 Tunicated bulb of Allium Porrum, or the Leek, r, Roots, p, A circular disc, or 
shortened stem intervening between the roots and the bulbous swelling, e e, Scales, or subter- 
ranean modified leaves. /, Upper leaves which become green. 

*ig. 208. — Vertical section of the tunicated bulb of the Leek. The letters indicate the same 
parts as in the last figure, b, Bud situated in the axil of a scale, which, by its development, forms 
a new bulb. 

Pig. 200. — Scaly or naked bulb of Lilium album, r, Roots, eee, Scales or modified under- 
ground leaves, t, The stem cut. 
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is detached in the course of growth, and forms an independent plant 
The new bulbs feed on the parent one, and ultimately cause its 
absorption. The scales are sometimes all fleshy, as in the scaly or naked 
bulb of the white lily (fig. 209 e e e), or the outer ones are thin and 
membranous, overlapping the internal fleshy ones, and forming a 
tunicated bulb , as in the Onion, Squill, and Leek (fig. 207). 

195. The Corn* a stump) has already been noticed under 

the head of subterranean stems 70, fig. 93.) It may be considered 
as a bulb in which the central portion or axis is much enlarged, 
while the scales are reduced to thin membranes. Some have called it a 
solid bulb . It is seen in the Tulip, Colchicuiu, Crocus, and Gladiolus. 
It produces either terminal buds, as in Gladiolus and Crocus, in which 
several annual additions to the corm remain attached together, and 
the newly produced conns come gradually nearer and nearer to the 
surface of the soil ; or lateral buds, as in Colchicum, represented at fig. 
93, where r indicates the roots, f the leaf, d the stem or axis of the 
preceding year withered, d ' the secondary axis, or the stem developed 
during the year, and taking the place of the old one, and which, in 
its turn, will give origin to a new axis, d'\ on the opposite side, 
according to the law of alternation. The new axes or conns being 
thus produced alternately at either side, there is very little change in 
the actual position of the plant from year to year. Bulbs and corms 
contain a store of starch and of other substances, for the nourishment 
of the young plants. 

196. Anomalies and Transformations of Leaf-bods. — Leaf-buds arise 
from the medullary system of the plant, and in some instances they 
are found among the cellular tissue, without being in the axil of leaves. 
In this case they are extra-axillary, and have been called adventitious 
or abnormal. Such buds arc* produced after the stem and leaves have 
been formed, and in particular circumstances they are developed like 
normal buds. What have been called embyo-bvds, are woody nodules 
seen in the bark of the Beech, Elm, and other trees. They are looked 
upon as partially developed abnormal buds, in which the woody matter 
is pressed upon by the surrounding tissue, and thus aocpiires a very 

hard and firm texture. When a section is made, 
they present woody circles arranged around a 
central pith, and traversed by medullary rays 
(fig. 210). The nodules sometimes form knots 
on the surface of the stem, at other times they 
appear as large excrescences , and in some cases 
twigs and leaves are produced by them. Some 
consider embryo-buds as formed by layers of 
woody matter, which originate in the sap con- 

Fig. 21 0. — Vertical section of a nodule, n, or embryo-bud embedded in the bark, e «, of the 
Cedar. It forms a projection on the surface. The woody layers form zones round a kind of 
pith. 
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veyed downward by the bark and cambium cells, and are deposited 
round a nucleus or central mass. 

197. Leaf-buds sometimes become extra-axillary (fig. 211 £), in 
consequence of the non-appearance or abortion of one or more leaves, 
or on account of the adhesion of the young branch to the parent stem. 
In place of one leaf-bud, there are occasionally several accessory ones 
produced in the axil, giving origin to numerous branches (fig. 212 b). 



Such an occurrence is traced to the presence of latent or adventitious 
buds. Fig. 211 represents a branch, r, of walnut, p the cut petiole, 
and b two buds, of which the upper is most developed, while fig. 212 
exhibits a branch of Lonicera tartarica, with numerous buds, £>, in the 
axil of the leaves, the lowest of which are most advanced. By the 
union of several such leaf-buds, branches are produced having a 
thickened or flattened appearance, as is seen in the Fir, Ash, and 
other trees. These fascinted ( fascia , a band) branches, in some cases 
however, are owing to the abnormal de- 
velopment of a single bud. 

198. In the axil of the leaves of Lilium 
bulbiierum, Dentaria bulbifera, and some 
other plants, small conical or rounded bodies 
are produced called bulbils or bulblets (fig. 

213 bbb ). They resemble bulbs in their 
aspect, and consist of a small number of 
thickened scales enclosing a growing point. 

These scales are frequently united closely 
together, so as to form a solid mass. Bulbils 
are therefore transformed leaf-buds, winch 



Fig, 211.— Portion of a branch, r, of the walnut, bearing the petiole, p, of a leaf which has 
boon cut. In the axil of the leaf, several buds, &, are produced, the highest of which are most 
developed. 

Fig. 212. — Portion of a branch, r, of Lonicera tartarica, bearing two opposite leaves, one of 
which has been cut, the other,/, being preserved. In the axil of the leaves, clusters of buds, b, 
are seen, the lowest of which are most developed. 

r ig. 218.— portion of tho stem of Lilium bulbiferum with three alternate leaves, ///, and 
“ uceo Bulbils or bulblets, III, in their axils. 
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are easily detached, and arc capable of producing young plants when 
placed in favourable circumstances. 

199. Occasionally leaf-buds are produced naturally on the edges 
of leaves, as in Bryophyllum calycinum and Malaxis paludosa (fig. 
214), and on the surface of leaves, as in Ornithogalum thyrsoideuin 
(iig. 215). These are capable of forming independent plants. Similar 

buds are also made to ap- 
pear on the leaves of Gcsne- 
ra, Gloxinia, and Achime- 
nes, by wounding various 
parts of them, and placing 
them in moist soil; this 
is the method often pur- 
b sued by gardeners in their 
propagation. The cellular 
tissue near the surface of 
plants, seems therefore to 
have the power of develop- 
ing abnormal leaf-buds in certain circumstances. Even roots, when 
long exposed to the air, may thus assume the functions of stems. 
Leaves bearing buds on their margin, are called jwoliferous ( proles , 
offspring, and fero, to bear). 

200. Spine* or Thorns. — Branches are sometimes arrested in their 
development, and, in place of forming leaves, become transformed into 
spines and tendrils. Spines or thorns are undeveloped branches, ending 

in more or less pointed extrem- 
ities, as in the Hawthorn. Plants 
which have spines in a wild state, 
as the Apple and Pear, often lose 
them when cultivated, in conse- 
quence of their being changed 
into branches ; in some cases, as 
in Prunus spinosa, or the Sloe (fig. 
216), a branch bears leaves at 
its lower portions, and terminates 
in a spine. Leaves themselves 
often become spiny by the har- 
dening of their midrib or primary 
veins, and the diminution or 
absence of parenchyma, as in Astragalus massiliensis (fig. 217 r), 

Fig. 214.— Extremity of a leaf, l, of Malaxis paludosa, the margin of which Is covered with 
adventitious buds, bb; thus becoming proliferous. 

Fig. 215.— Portion of the blade of a leaf, /, of Omithogalum thyrsoideuin, on the surface or 
which are developed adventitious or abnormal buds, b b b b, some of which are large. 

Fig. 216. — Branch of Prunus spinosa, or Sloe, with alternate leaves, and ending in a spine or 
thorn. 

Fig. 217.— Pinnate leaf of Astragalus massiliensis, the midrib of which, r, ends in a spine. 

" c+intiioa r. Nine nairs of leaflets. 
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where the midrib becomes spiny after the fall of some of the leaflets; in 
the Holly, where all the veins are so ; and in the Barberry (fig. 218), 
where some of the leaves, fff are produced in the form of spiny 
branches, with scarcely any parenchyma. In place of producing a lamina 
or blade at its extremity, the petiole sometimes terminates in a spine. 
Stipules are occasionally transformed into spines, as in Robinia pseudo- 
acacia(fig. 21 9,$$), and such is also the case with the swelling or pulvinus 
at the base of the leaf, as in Ribes Uva-crispa (fig. 220, c c c). Branches 



are sometimes arrested in their progress at an early state of their de- 
velopment, and do not appear beyond the surface of the stem ; at 
other times, after having grown to a considerable size, they undergo 
decay. In both instances, the lower part of the branch becomes 
embedded and hardened among the woody layers of the stem, and 
forms a hurt, 

201 , Tendrils. — A leaf-bud is sometimes developed as a slender spiral 
or twisted branch, called a tendril or cirrhus (cirrus, a curl), as in the Pas- 
sion-fiower, in which the lateral buds are thus altered with the view of 
enabling the plant to climb. When tendrils occupy the place of leaves, 
and appear as a continuation of the leaf-stalk, they are called petiolartf, 
as in Lathyrus Apliaca, in which the stipules perform the function of 
true leaves. In Flagellaria indica, Methonica superba, Anthericum 

. Eig. 218.— Branch of Berberis vulgaris, or Barberry, tlio. leaves of which,///, are transformed 
mto branching spines. In the axil of each, a cluster, r r r. of regularly formed leaves is de- 
veloped. 

Fig. 219. — Base of the pinnate leaf of Iiobinia pseudo-acacia, the stipules of which, s ar<* 
converted into spines or thorns, b, Branch, r, lY.tiole. 

Fig. 2*20. — Branch of Kibes Uva-crispa, in which the pulvinus or swelling, cere, at the base 
of each of the leaves, / 'fff, is changed into a spine, which is either simple, or double, or triple. 
b Leaf-buds arisiug from the axil of the leaves. 



104 


TENDRIL OR CIRRIIUS. 


cirrhatum, and Albuca cirrhata, tlie midrib of the leaf ends in a ten- 
dril ; and in Vetches, the terminal leaflet, and some of the lateral ones 
at the extremity of their pinnate leaves, are changed, so as to fonn a 
branching tendril. In the Vine, the tendrils are looked upon as the 
terminations of separate axes, or as transformed terminal buds. In this 
plant there are no young buds seen in the angle between the stem and 
leaves, nor between the stem and tendrils ; and the latter are not axillary. 
Fig. 221 represents the branch of a Vine, in which d is the primary or 

first formed axis, ending in v\ 
a tendril, or altered terminal 
bud, and having a leaf, f' on 
one side. Between this leaf 
and the tendril which repre- 
sents the axis, a leaf-bnd was 
formed at an early date pro- 
ducing the secondary axis, 
or branch, ending in a 
tendril, v", with a lateral leaf, 
f\ from winch a tertiary axis 
or branch, d' was developed, 
ending in a tendril, v"\ and 
so on. 

20 2. Tendrils twist in a 
spiral manner, and enable the 
plants to rise into the air by 
twining round other plants. 
The direction of the spiral 
frequently differs from that 
of the climbing stem, pro- 
ducing the tendril. In the Vine, the lower part of the stem is strong, 
and needs no additional support; the tendrils therefore occur only 
in the upper part where the branches arc soft, and require aid to 
enable them to support the clusters of fruit. In Vanilla aromatica, 
the vanille plant, tendrils are produced opposite the leaves, until the 
plant gains the top of the trees by which it is supported ; the upper ten- 
drils being then developed as leaves. The midrib is sometimes pro! onged 
in a cup-like form : this is occasionally seen in the common cabbage, 
and seems to depend on the vascular bundles of the midrib spreading 
out at their extremity in a radiating manner, and becoming covered 
with parenchyma in such a way as to form a hollow cavity in the centre 

Fig. 221.— Portion of a branch of the Vine (Yitis vinifera). a , First axis, terminated by a 
tendril or cirrhus, v, which assumes a lateral position, mid tears a leaf, /'. From the axil of thi s 
leaf, a second axis, a", comes off, which seems to be a continuation of the first, and is terminate d 
also by a tendril, v", bearing a leaf, /''. From the axil of this second leaf, a third axis, a" ' 
arises, terminated by a tendril, v"', and bearing a leaf,/"', from the axil of which a fourth axis 
arises. 
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Special Functions of Leaves . 

203. Leaves expose the fluids of the plant to the influence of air 
and light, and their spiral arrangement enables them to do so effectu- 
ally. They arc concerned in the elaboration of the various vegetable 
secretions, in the formation of wood, and in the absorption of fluid and 
gaseous matters. A plant, by being constantly deprived of its leaves, 
will ultimately be destroyed. On this principle, weeds, with creeping 
stems and vigorous roots, which are with difficulty eradicated, may be 
killed. In the cells of the leaves changes take place under the agency 
of light, by which oxygen is given off and carbon fixed. These will 
be considered under the subject of vegetable respiration . The absorp- 
tion of carbonic acid and of lluids is carried on by the leaves, chiefly 
through their stomata, according to Bonnet. Some physiologists have 
expressed doubts as to absorption being carried on by the leaves in 
ordinary circumstances. Leaves also give off gases and fluids by a 
process of exhalation or transpiration. Carbonic acid, to a moderate 
extent, is exhaled during darkness, and a kirge quantity of fluid is 
given off' by transpiration. The number and size of the stomata regulate 
the transpiration of fluids, and it is modified by the nature of the 
epidermis. In plants with a thick and hard epidermal covering, ex- 
halation is less vigorous than in those where it is thin and soft. Some 
succulent plants of warm climates have a very thick covering. The 
peculiar character of the leaves or phyllodia of Australian plants, is 
probably connected with the dry nature of the climate. While heat acts 
in promoting evaporation, the process of transpiration is more under 
the influence of light. It assists the process of endosrnose, by rendering 
the fluid in the cells thicker, and thus promotes the circulation of sap. 

204. The quantity of fluid exhaled varies in amount in different plants. 
A Sunflower, three feet high, gave off twenty ounces of -watery fluid 
daily. Hales found that a Cabbage, with a surface of 2,73 f> square 
inches, transpired at an average nineteen ounces; a Vine, of 1,820 square 
inches, from five to six ounces. Experiments on exhalation may be made 
by taking a flesh leaf with a long petiole, putting it through a hole in 
a card which it exactly fits, and applying the card firmly and closely 
to a glass tumbler, about two-thirds full of water, so that the petiole 
is inserted into the water, then inverting an empty tumbler over the 
leaf, and exposing the whole to the sun, the fluid exhaled will be seen on 
the inside of the upper tumbler. The experiment may be varied by 
putting the apparatus in darkness, when no exhalation takes place, or 
in diffuse daylight, when it is less than in the sun’s rays. This process 
of exhalation imparts moisture to the atmosphere, and hence the dif- 
ference between the air of a w T ooded country and that of a country 
deprived of forests. The colls in the lower side of a leaf where stomata 
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exist, are chiefly concerned in the aeration of the sap, whilst other 
assimilative processes go on in the upper cells. 

205. Leaves, after performing their functions for a certain time, 
wither and die. In doing so, they frequently change colour, and hence 
arise the beautiful and varied tints of the autumnal foliage. Leaves 
which are articulated with the stem, as in the Walnut and Horse- 
chestnut, fall and leave a scar, while those which are continuous with 
it remain attached for some time after they have lost their vitality, as 
in the Beech. Most of the trees of this country have deciduous leaves, 
their duration not extending over more than a few months ; while in 
trees of warm climates, the leaves often remain for two or more years. 
In tropical countries, however, many trees lose their leaves in the dry 
season. T his is seen in the forests of Brazil, called Catincjcts. Trees 
which arc called evergreen, as Pines and Evergreen oak, are always 
deprived of a certain number of leaves at intervals, sufficient being 
left, however, to preserve their green appearance. Various causes 
have been assigned for the fall of the leaf In cold climates, the de- 
ficiency of light and heat in winter cause a cessation in the functions 
of the cells of the leaf; its fluid disappears by evaporation; its cells and 
vessels become contracted and diminished in their calibre; various 
inorganic matters accumulate in tin* texture ; the whole leaf becomes 
dry; its parts lose their adherence; and it either falls by its own weight 
or is detached by the wind. In warm climates, the dry season gives 
rise to similar phenomena. 


SECTION II. — GENERAL VIEW OF THE FUNCTIONS OF THE 
NUTRITIVE ORGANS. 

206. In order that plants may be nourished, food is required. This 
food, in a crude state, enters the roots by a process of absorption or 
imbibition ; it is then transmit ted from one part of the plant to another, 
by means of the circulation or progressive movement of the sap ; it reaches 
the leaves, and is there submitted to the action of light and air, wliich 
constitutes the function of respiration ; and thus the fluids are finally 
fitted for the process of assimilation , and form various vegetable pro- 
ducts and secretions . 

1.— Food of Plants, and Sources whence they derive their Nourishment. 

CHEMICAL COMPOSITION OF PLANTS. 

207. The nutriment of plants can only be ascertained when their 
chemical composition has been determined. The physiologist and chemist 
must unite in this inquiry, in order to arrive at satisfactory conclu- 
sions. Much has been done of late by Liebig, Mulder, Dumas, Bous- 
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singault, and other chemists, to aid the botanist in his investigations, 
and to place physiological science on a sound and firm basis. It is true 
that many processes take place in plants which cannot as yet be ex- 
plained by the chemist, and to these the name of vital has been applied. 
This term, however, must be considered as implying nothing more 
than that the function so called occurs in living bodies, and in the 
present state of our knowledge is not reducible to ordinary chemical 
or physical laws. A greater advance in science may clear up many 
difficulties in regard to some of the vital functions, while others may 
ever remain obscure. 

208. Plants are composed of certain chemical elements , which are 
necessary for their growth. These are combined in various ways, so 
as to form what have been called organic and inorganic compounds. 
The former are composed of carbon, oxygen, hydrogen, and nitrogen 
or azote, with a certain proportion of sulphur and phosphorus ; while 
the latter consist of various metallic bases, combined with oxygen, 
metalloids, and acids. In all plants there is a greater or less propor- 
tion of water, the quantity of which is ascertained by drying at a 
temperature a little above that of boiling water. By burning the 
(hied plant the organic constituents disappear, and the inorganic part 
or the ash is left. The relative proportion of these constituents varies 
in different species, as seen in the following table by Solly, in which 
the proportions are given in 10,000 parts of the fresh plants: — 



Water. 

Organic Matter. 

Inorganic. 

Potato, 

7713 

2173 .... 

.. 114 

Turnip, 

9308 

588 ... 

.. 104 

Sea Kale, 

5)238 


.. 57 

French 1 leans, 

9317 

G19 ... 

.. 04 

lied Beet, 

8501 

.... 1390 ... 

.. 109 

Asparagus, 

9210 

735 ... 

55 

Water Cress, 

9200 

033 ... 

.. 107 

Sorrel, 

Parsley, 

9207 

702 ... 

.. 91 

8430 

1299 ... 

.. 271 

Fennel, 

Salsafy, 

8701 

1048 ... 

.. 191 

7951 

1929 ... 

.. 120 

Mustard, 

9402 . 

43G ... 

.. 102 

209. The analysis of 1 00 parts of Fruits giv( 

_‘s the following results : — 


Water. 

Organic. 

Inorganic. 

Strawberry, 

90*22 .. 

... 9*37 ... 

.. 0*41 

Green Gage, whole fruit, .... 

83*77 .. 

... 15*83 ... 

.. 0*40 

Cherry, do., 

82*48 .. 

... 17*09 ... 

.. 0-43 

Pear, do., 


... 10*04 ... 

.. 0*41 

Apple do., 

84-01 .. 

... 15*72 ... 

.. 0*27 

Gooseberry,... 

90*26 .. 

.... 9*35 ... 

.. 0*39 


210. The following table, by Johnston, represents the constitution in 
1 000 parts of plants and seeds, taken in the state in which they are given 
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to cattle, or laid up for preservation, and dried at 230° Fahrenheit; the 
organic matter being indicated by the carbon, oxygen, hydrogen, and 
nitrogen ; the inorganic by the ash : — 



Wheat. 

Oats. 

Peas. 

Hay. 

Turnips. 

Potatoes. 

Carbon, 

... 455 .... 

... 507 ... 

... 465 .... 

... 458 .. 

.... 429 ... 

... 441 

Hydrogen, 

... 57 .... 

.. 64 ... 

... 61 .... 

... 50 .. 

.... 56 ... 

... 58 

Oxygen, 

430 .... 

.. 367 ... 

... 401 .... 

... 387 .. 

.... 422 ... 

... 439 

Nitrogen,..., 

.. 35 .... 

.. 22 ... 

... 42 .... 

.. 15 .. 

.... 17 .... 

... 12 

Ash, 

.. 23 

.. 40 .... 

... 31 

.. 90 ... 

.... 76 .... 

... 50 


By the process of drying, the 1000 parts of these substances lost water 
in the following proportions : — 

Wheat, 166 Peas, 86 Turnips, 925 

Oats, 151 Hay, 158 Potatoes, 722 

211. As plants have no power of locomotion, it follows that their 
food must be universally distributed. The atmosphere and the soil 
accordingly contain all the materials requisite for their nutrition. 
These materials must be supplied either in a gaseous or a fluid form, 
and hence the necessity for the various changes which arc constantly 
going on in the soil, and which are aided by the efforts of man. 
Plants are capable of deriving all their nourishment from the mineral 
kingdom. The first created plants in all probability did so, but in the 
present day the decaying remains of other plants and of animals are also 
concerned in the support of vegetation. 

Organic Constituents and their Sources . 

212. Carbon (C) is the most abundant element in plants. It forms 
from 40 to 50 per cent, of all the plants usually cultivated for food. When 
plants are charred the carbon is left, and as it enters into all the tissues, 
although the weight of the plants is diminished by the process, their form 
still remains. When converted into coal (a form of carbon), plants are 
frequently so much altered by pressure as to lose their structure, but 
occasionally it can be det ected under the microscope. Carbonis insoluble, 
and therefore cannot be absorbed in its uncombined state. WTien 
united to oxygen, however, in the form of carbonic acid, it is readily 
taken up either in its gaseous state by the leaves, or in combination with 
water by the roots. The soil contains carbon (humus), and in some soils, 
as those of a peaty nature, it exists in very large quantity. The carbon 
in the soil is converted into carbonic acid in order to be made avail- 
able for the purpose of plant growth. Carbon has the power of absorb- 
ing gases, and in this way, by enabling certain combinations to go on, it 
assists in the nourishment of plants. In the atmosphere, carbonic acid 
is always present, averaging about -jnjW part, arising from the respir- 
ation of man and animals, combustion, and other processes. 
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213. Oxygen (0) is another element of plants. Air contains about 
21 per cent, of it. Every 9 lbs. of water contain 8 of oxygen, and it 
is combined with various elements, so as to form a great part of the 
solid rocks of the globe, as well of the bodies of animals and man. 

214. It is chiefly in its state of combination with Hydrogen (II), so 
as to form water (HO), that oxygen is taken up by plants. Hydrogen 
is not found in a free state in nature, and with the exception of coal, 
it docs not enter into the composition of the mineral masses of the 
globe. It forms £ of the weight of water, and it is present in the 
atmosphere in combination with nitrogen. Hydrogen is also furnished 
by sulphuretted hydrogen, and some compounds of carbon. 

215. Nitrogen (N) is another element found in plants. It forms 79 
per cent, of the*, atmosphere, and abounds in animal tissues. The latter, 
during their decay, give off nitrogen, combined with hydrogen, in the 
form of ammonia (Nil 3 ), which is absorbed in large quantities by 
carbon, is very soluble in water, and seems to be the chief source 
whence plants derive nitrogen. In tropical countries where thunder 
storms are frequent, the nitrogen and oxygen of the air are sometimes 
made to combine, so as to produce nitric acid, (NO 5 ) which, either in 
this state, or in combination with alkaline matters, furnishes a supply 
of nitrogen. Daubeny thinks that the ammonia and carbonic acid in 
the atmosphere arc derived in part from volcanic actions going on in the 
interior of the globe. The continued fertility of the Terra del Lavoro, 
and other parts of Italy, is attributed by him to the disengagement of 
ammoniaeal salts and carbonic acid by volcanic processes going on un- 
derneath ; and to the same source he traces the abundance of gluten 
in the crops, as evidenced by the excellence of Italian macaroni. 

21(). Mulder maintains that the ammonia is not carried down from 
the atmosphere, but is produced in the soil by the combination between 
the nitrogen of the air, and the hydrogen of decomposing matters. The 
same thing takes place, as in natural saltpetre caverns of Ceylon, with this 
exception, that, by the subsequent action of oxygen, ulmio, humic, geic, 
apocrenic, and crenic acids, are formed in place of nitric acid. These acids 
consist of carbon, oxygen, and hydrogen, in different proportions, and 
they form soluble salts with ammonia. By all porous substances like 
the soil, ammonia is produced, provided they are moist, and filled with 
atmospheric air, and tire exposed to a certain temperature. It is thus, 
he states, that moist charcoal and humus become impregnated with 
ammonia. 

217. These four elementary bodies then are supplied to plants, chiefly 
in the form of carbonic acid (CO 2 ), water (HO), and ammonia (NHs). 
In these states of combination they exist in the atmosphere, and hence 
some plants can live suspended in the air, without any attachment to 
the soil. When a volcanic or a coral island appears above the waters 
of the ocean, the lichens which arc developed on it are nourished 
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in a great measure by the atmosphere, although they subsequently 
derive inorganic matter from the rocks, to which they are attached. 
Air plants, as Broinelias, Tillandsias, and Orchidaceae, and many species 
of Ficus, can grow for a long time in the air. In the Botanic Gar- 
den of Edinburgh, a specimen of Ficus australis lias lived in this con- 
dition for upwards of 20 years, receiving no supply of nourishment 
except that afforded by the atmosphere and common rain water, con- 
taining, of course, a certain quantity of inorganic matter. The following 
analysis was made of the leaves of this plant, in 1847, by my pupil, 


Mr. John Macadam : — 

Organic. Inorganic. 
In 1(X) parts. 1 n 100 parts. 

Petiole of former year’s growth, including midrib, 82.98 ... 17.02 

Three leaves of former years growth, 86.24 ... 18.76 

Petiole of present year's growth, with midrib, 92.64 ... 7.35 

Seven leaves of present year's growth, 92.28 ... 7.72 


All were dried at 212° Fahrenheit. 

In the Experimental Garden of Edinburgh, Mr. James M‘Nab has 
cultivated various plants, as Strelitzia augusta, currants, gooseberries, 
&c., without any addition of soil, and simply suspended in the air, with 
a supply of water kept up by the capillary action of a worsted thread. 
Some of the plants have flowered and ripened fruit. These experiments 
show that the atmosphere and rain water contain all the ingredients 
requisite for the life of some plants. Boussinga.nl t, from observations 
made on the cultivation of Trefoil, was led to the conclusion, that under 
the influence of air and water, in a soil absolutely devoid of organic 
matter, some plants acquire all the organic elements requisite for growth. 
Messrs. Wiegman and Polstorf took fine quartz sand, burnt it to destroy 
any organic matter, digested it for sixteen hours in strong nitro-muriatic 
acid, and then washed it with distilled water. Various kinds of seeds, 
as barley, oats, vetcli, clover, and tobacco, were then sown in it, and 
watered with distilled water, and all grew more or less. 

218. The elementary bodies already mentioned, in various states of 
combination, constitute the great bulk of plants. They occur in the 
form of binary compounds, as water and oily matters ; ternary, as 
starch, gum, sugar, and cellulose; quaternary, as gluten, albumen, 
caseine, and fibrinc. The latter compounds seem to require for their 
composition, not merely the elements already noticed, in the form of a 
basis, called Proteine (C 40 H 31 N 5 O 12 according to Mulder, or C 38 
H 36 Ne O 14 according to Liebig), but certain proportions of sulphur and 
phosphorus in addition ; thus, albumen = 10 Pr. + 1 P + 1 S ; fibrine 
= 10 Pr. + 1 P + 1 S ; caseine = 10 Pr. 4* 1 S. The tissues into the 
composition of which these proteine compounds enter, is tinged of a 
deep orange-yellow, by strong nitric acid. These compounds are highly 
important in an agricultural point of view, and the consideration of them 
will be resumed when treating of the application of manures. 
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Inorganic Constituents , and their Sources . 

219. Tlie consideration of the inorganic constituents of plants is no 
less important than the study of their organic elements. The organic 
substances formed by plants are decomposed by a moderately high 
temperature; they easily undergo putrefaction, especially when ex- 
posed to a moist and warm atmosphere, and they have not been formed 
by human art. Their inorganic constituents, on the other hand, are 
not so easily decomposed ; they do not undergo putrefaction, and they 
have been formed artificially by the chemist. 

220. The combustible or organic part of plants, even in a dried 
state, forms from 88 to 99 per cent, of their whole weight. Conse- 
quently, the ash or inorganic matter frequently constitutes a very small 
proportion of the vegetable tissue. It is not, however, on this account 
to be neglected, for it is found to be of great importance in the 
economy of vegetation, not merely on account of its entering directly 
into the constitution of various organs, but also from assisting in the 
production of certain organic compounds. Some of the lower tribes of 
cellular plants can exist apparently without any inorganic matter. 
Thus Miilder could not detect a particle of ash in Mycoderma vini, 
nor in moulds produced in large quantity by milk sugar. Deficiency of 
inorganic matters, however, in general injures the vigour of plants, and 
it will be found that, in an agricultural point of view, they require* 
particular attention — a distinct relation subsisting between the kind and 
quality of the crop, and the nature and chemical composition of the 
soil in which it grows. It has been shown by careful and repeated 
experiments, that, when a plant is healthy and fairly ripens its seeds, 
the quantity and quality of the ash is nearly the same in whatever 
soil it is grown ; and that, when two different species are grown in the 
same soil, the quantity and quality of the ash varies — the difference 
being greater the more remote the natural affinities of the plants are. 

221. The inorganic elements of plants and their combinations, are 
thus given by Johnston : — 


Chlorine (Cl.) combined with metals forming chlorides. 

Iodine (I.) 

metals 

iodides. 

Bromine (Br.) 

metals 

bromides. 

r metals 

sulphurets. 

Sulphur (S.) \ 

hydrogen . . . 

J sulphuretted hydrogen 
(hydro-sulphuric acid. 

Phosphorus (P.) 

^... . oxygen ... 

sulphuric acid. 

oxygen ... 

phosphoric acid. 



ide ol 


^... oxygen ... 

^... ... chlorine ... 

soda. 

Sodium (Na.) 

( chloride of sodium. 

< (common salt.) 

Calcium (Ca.) 

f oxygen ... 

\ chlorine ... 

lime, 

chloride of calcium. 
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Magnesium (Mg.) combined with oxygen forming magnesia, 

Aluminum (AL) oxygen ... alumina. 

Silica (Si.) oxygen ... silica. 

Iron (Fe.) 1 (oxides 

Manganese (Mn.) I sufphur ; and 

Copper (Cu.) ) p ... ^ su ]pj mro ts. 


222. Tlie quantity of inorganic matter or asli left by plants, varies 
in different species, and in different parts of the same plant. The 
dried leaves usually contain a large quantity. Saussurc found that — 

Dried bark of Oak gave 60 of ash in 1000 

Dried leaves.... 53 

Dried alburnum 4 . . 

Dried duramen 2 


The dried leaves of Elm contain more than 11 per cent, of inorganic 
matter, -while the wood contains less than 2 per cent ; the leaves of 
the Willow, 8 per cent., wood, 0*45; leaves of Beech, 0*09, wood, 
0*36; leaves of Pitch-pine, 3*5, wood, 0*25. Thus, the decaying 
leaves of trees restore a large quantity of inorganic matter to the soil. 

223. The following tables show the relative proportion of inorganic 
compounds present in the ash of plants : — 


According to Sprengel, 1000 lbs. of wheat leave 11*77 lbs., and of wheat straw 
35 T 8 lbs. of ash, consisting of— 


Grain. 


Straw. 


Potash 2*25 

Soda 2*40 

Limo 0*06 

Magnesia. 0*00 

Alumina with trace of iron 0*26 

Silica 4*00 

Sulphuric acid 0*50 

Phosphoric acid 0*40 

Chlorine 0*10 


0*20 

0*20 

2*40 

0*32 

0*90 

28*70 

0*37 

1*70 

0*30 


11*77 lbs. 35*18 lbs. 

In 1000 lbs. of the grain of the Oat, are contained 25*80 lbs., and of the <lry straw 
57*40 lbs. of inorganic matter, consisting of — 



Grain. 

Straw. 

Potash 

1-50 

. . g-70 

Soda 

1*32 

.... 0*02 

Lime 

086 

.... 1*52 

Magnesia 

0*67 

. 0*22 

Alumina 

0.14 

0*06 

Oxide of iron 

0*40 

0*02 

Oxide of manganese 

0*00 ...^ 

0*02 

Silica 

19*76 

45*88 

Sulphuric acid 

0*35 

... 0*79 

Phosphoric acid. 


0*12 

Chlorine 

0*10 

... 0*05 


25*80 lbs. 

57*40 lbs. 
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In 1000 lbs. of the field Bean, field Pea, and Eye-grass hay, after being dried in 
the air, the following is the amount of ash, and its composition : — 


Potash 

Field Bean. 

Seed. Straw. 

,.4-15 ... 16-56 ... 

Field Pea. 

Seed. Straw. 

... 8-10 ... 2-35 .. 

Rye-grass 

Hay. 

8-81 

Soda 

.8.16 . 

... 0-50 ... 

... 7-39 . 

— .. 

3*94 

Lime 

1-65 

... 6-24 ... 

... 0-58 , 

...27-30 .. 

7*34 

Magnesia 

1-58 

.. 2-09 ... 

... 1-36 . 

... 3-42 .. 

..... 0*90 

Alumina 

0-34 

.. 0-10 ... 

... 0-20 . 

.. 0-60 .. 

.... 0-31 

Oxide of Iron 

— 

.. 0-07 ... 

... 0-10 . 

... 0-20 .. 

.... — 

Oxide of Manganese. 

— 

.. 0-05 ... 

... — . 

.. 0-07 .. 

.... — 

Silica 

1-26 

.. 2-20 ... 

... 4-10 . 

.. 9-96 .. 

....27*72 

Sulphuric acid 

0-89 

.. 0-34 ... 

... 0-53 . 

.. 3-37 .. 

.... 3-53 

Phosphoric acid 

2-92 

... 2-26 ... 

... 1-90 . 

... 2-40 .. 

0-25 

Chlorine 

0-41 

.. 0-80 ... 

... 0*38 . 

.. 0*04 .. 

.... 006 


21*3G 31*21 24-64 49*71 52*86 


224. Dr. R. D. Thomson gives the follow analysis of the inorganic 
matter in the stem and seeds of Lolium perenne : — 


Stem. 

Silica 64*57 

Phosphoric acid 12-51 

Sulphuric acid. — 

Chlorine — 

Carbonic, acid — 

Magnesia 4*01 

Lime 6‘50 

Peroxide of iron 0*36 

Potash 8*03 

Soda 2-17 


Seed. 
42-28 
18-89 
3 12 
trace. 
3*61 
5-31 
18-55 
2-10 
4-80 
1-38 


225. These substances are variously combined in plants, in the form 
of sulphates, phosphates, silicates, and chlorides. Some plants, as 
Wheat, Oats, Barley, and Rye, contain a large quantity of silica in 
their straw; others, such as Tobacco, Pea-straw, Meadow-clover, Potato- 
haulm, and Sainfoin, contain much lime; while Turnips, Beet-root, 
Potatoes, Jerusalem-articlioke, and Maize-straw, have a large proportion 
of salts of potash and soda in their composition. Sulphates and phos- 
phates are required to supply part of the material necessary for the 
composition of the nutritive proteinc compounds found in grain. 

226. Silica abounds in Grasses, in Equisetum and other plants, 
giving firmness to their stems. The quantity contained in the Bamboo 
is very large, and it is occasionally found in the joints in the form of 
fahasheer. Reeds, from the quantity of siliceous matter they contain, 
fire said, during hurricanes in warm climates, to have actually caused 
conflagrations by striking against each other. In the species of 
hquisetum, the silica in the ash is as follows : — 
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Ash. 

SiHcs. 

Kfjniaflfcnm DrvftTisfc . 

13*84 

e-38 

.... — Ifmrtsnm ^ , . t r _ . „ . 

15-fvO 

6-50 


11-81 

8-75 

— . .. _ T t 

Telmateia. . 

23*61 

12*00 


The third of these furnishes Dutch Reed used for polishing mahogany. 
The silica is deposited in a regular manner, forming an integral part 
of the structure of the plant. Many insoluble matters, as silica, seem 
to be deposited in cells by a process of decomposition. Tims, silicate 
of potasli in a vegetable sap may be mixed with oxalic acid, by which 
oxalate of potash, and silicic acid will be produced, as in the cells of 
Grasses and Equisetum. Ohara transhiceiis has a covering of silicic 
acid, while 0. vulgaris has one composed of silicic acid and carbo- 
nate of lime ; and Ohara hispida has a covering of carbonate of lime 
alone. 

227. Lime is found in all plants, and in some it exists in large 
quantity. It occurs sometimes in the form of carbonate on the sur- 
face of plants. Thus, many of the Ohara cea? have a calcareous encrus- 
tation. The crystals or rapliides (1[ 1 8) found in the cells of plants, 
have lime in their composition. 

228. Soda and Potasli occur abundantly in plants. Those grow- 
ing near the sea have a large proportion of soda in their composition, 
while those growing inland contain potash. Various species of SaLsola, 
Salicomia, Ilalirnoenemum, and Kochia, yield soda for commercial pur- 
poses, and are called Halophytes (ci>.c, salt, and <pvro>) plant). The 
young plants, according to Gobel, furnish more soda than the old ones. 
There are certain species, as Armeria maritima, Oochlearia officinalis, 
and Plantago maritima, which are found both on the sea-shore, and 
high on the mountains removed from the sea. In the former situation 
they contain much soda and some iodine : while in the latter, accord- 
ing to Dr. Dickie, potash prevails, and iodine disappears. 

229. Iron, Manganese, and Copper, especially the two hist, exist 
in small quantity in plants. Copper was detected, by Sarzcan, in 
coffee. 

230. All these inorganic matters are derived in a state of solution 
from the soil, and plants are said to have, as it were, a power of selec- 
tion, certain matters being taken up by their roots in preference to 
others. Saussure made a series of experiments on this subject, and 
stated that when the roots of plants were put into solutions contain- 
ing various saline matters in equal proportions, some substances were 
taken up by imbibition in larger proportion than others. Bouchardat 
doubts the accuracy of Saussure’s conclusion on this point. He thinks 
that errors arose from the excretions of the plants and other causes. 
He performed similar experiments with plants of Mint, which had been 
growing for six months in water previous to experiment, and he found 
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that in cases of mixed salts in water, tlie plant absorbed all in equal 
proportions. Daubeny states, that if a particular salt is not present, 
the plant frequently takes up an isomorphous one. 

231. The differences in the absorption of solutions, depends perhaps 
on the relative densities alone, and not on any peculiar selecting power 
in roots, for it is well known that poisonous matters are absorbed as 
well as those which are wholesome. The following experiments show 
that poisonous matters in solutions, varying from half a grain to five 
grains to the ounce of water, are taken up by roots, and that some 
substances which are poisonous to animals do not appear to act ener- 
getically upon plants : — 


Chloride of zinc, on 

Sulphate of zinc, 

Sulphate of copper, 

N itrate of copper, 

Acetate of copper, 

Bichloride of mercury, 

Arsenions acid, 

Arseniate of potash, 

Acetate of lead, 

Bichromate of potash, 

Nitrate and sulphate of iron, 
Chloride of barium, 

Nitrate of baryta, 

Nitrate of strontia, 

Muriate, sulphate and nitrate) 
of lime, > 

Sulphate and muriate of > 
magnesia, > 

Phosphate of soda, 

Chloride of sodium, 


Growing Plants, 
beans, 

cabbages and wheat, 

beans, 

beans, 

cabbages, 

(beans, 

< wheat, 

( cabbages, 
cabbages and wdicat, 
barley and cabbages, 
beans, 

cabbages, beans, barley, 

beans, 

beans, 

cabbages and wheat, 
beans, 

beans, 

beans and cabbages, 

beans and cabbages, 
beans and cabbages, 


quickly destroyed. 


X weak solutions did not 
/ destroy. 

destroyed in a few days, 
f destroyed unless rnneb 
\ diluted, 

destroyed in a few days. 

quickly destroyed. 

J plants uninjured, except 
( solution strong. 

< improved when very 
( diluted. 

\ injured, and if strong 
( destroyed. 

j- no injury when diluted. 


232. Rotation of Crop*. — As the inorganic materials -which enter 
into the composition of* plants vary much in their nature and relative 
proportions, it is evident that a soil may contain those necessary for 
the growth of certain species, while it may be deficient in those re- 
quired by others. It is on this principle that the rotation of crops 
proceeds ; those plants succeeding each other in rotation which require 
different inorganic compounds for their growth. In ordinary cases, 
except in the case of very fertile virgin soil, a crop, by being constantly 
grown in successive years on the same field, will deteriorate in a 
marked degree. Dr. Daubeny has put this to the test of experiment, 
hy causing plants to grow on the same and different plots in succes- 
sive years, and noting the results : — 



116 


COMPOSITION OP SOILS. 


Average of 5 years. 


Potatoes, 

fin the same plot 

92-8 — — 

Flax, 


15*0 lbs. 


19-9 

Beans, 


32-8 

\ different 

( same. 

34-8 

30 0 

Barley, 

Turnips, 

Oats, 

\ different 

J same 

^ different 

( same 

\ different 

40*5 

104*0 

173*0 

28*0 


This shows a manifest advantage in shifting crops, varying from 1 to 
75 per cent. ; the deficiency of inorganic matter being the chief cause 
of difference. As this matter is shown to be of great importance to 
plants, it follows that the composition of soil is a subject requiring 
special notice. 


OHKMICAL composition of soils. 

233. Soils have been divided in the following way, according to the 
proportion of day, sand, and lime, which they possess : — 

1. Argillaceous soils, possessing little or no calcareous matter, and above 50 

per cent, of clay. 

2. Loamy soils, containing from 20 to 50 per cent, of clay. 

3. Sandy soils, not more than 10 per cent, of clay. 

4. Marly soils, 5 to 20 per cent, of calcareous matter . 

5. Calcareous soils, more than 20 per cent, of carbonate of lime. 

6. Humus soils, in which vegetable mould abounds. 

Below the superficial soil there exists what is called subsoil , which 
varies in its composition, and often differs much from that on the 
surface. Into it the rain carries down various soluble inorganic mat- 
ters, which, when brought to the surface by agricultural operations, as 
trenching and subsoil ploughing, may materially promote the growth 
of crops. 

234. Homos, or decaying woody fibre, exists in soils to a certain 
amount. This has been called also ulmine , or coal of humus. In a 
soluble state it forms humic and ulmic acid. Humus absorbs am- 
monia, and it is slowly acted upon by the atmosphere, so as to form 
carbonic acid by combination with oxygen. Peaty soils contain much 
of this substance. When peroxide of iron is present in such soils, it 
loses part of its oxygen, and is converted into the protoxide. 

235. Silica, in greater or less quantity, is found in all soils ; but it 
abounds in sandy soils. In its ordinary state it is insoluble, and it is 
only when acted upon by alkaline matter in the soil that it forms com- 
pounds which can be absorbed by plants. Silica, in a soluble state, 



COMPOSITION OF SOILS. 


117 


exists in minute quantities in soils ; the proportion, according to John- 
ston, varying from 0*16 to 0*84 in 100 parts, while the insoluble 
siliceous matter varies from 60*47 to 83*31 in 100 parts. Wiegman 
and Polstorf found that plants took up the silica from a soil composed 
entirely of quartz sand, from which everything organic and soluble 
had been removed. The following table shows the plants which ger- 
minated, the height to which they grew previously to being analyzed, 
the quantity of silica they contained when planted, and the increase : — 




Silica in the ash. 

Silica had 


Height. 

Seed. 

Plant. 

increased 

Barley 

...15 inches .. 

... 0-034 ... 

... 0*355 ... 

... 10 times. 

Oats 

....18 — 

... 0*064 ... 

... 0*354 .. 

... 5J — 

Buckwheat. . . . 

,...18 — 

... 0*004 ... 

... 0*075 .. 

... 18 — 

Vetch 

...10 — .. 

... 0*013 ... 

... 0*135 .. 

... 10 — 

Clover 

... 3} - .. 

... 0*009 ... 

... 0*091 .. 

... 10 - 

Tobacco ...... 

... 5 — 

... 0*001 ... 

... 0*549 

... 500 — 


236. Alumina exists abundantly in clayey soils, but it does not enter 
largely into the composition of plants. It has the power of absorbing 
ammonia, and may prove beneficial in this way. 

237. Lime is an essential ingredient in all fertile soils. In 1000 
lbs. of such soil, there are, according to Johnston, 56 lbs. of lime; 
while barren soil contains only 4 lbs. The presence of phosphoric 
acid in soils, in the form of phosphates of potass, soda, and lime, is 
essential for the production of certain azotised compounds in plants; 
and sulphuric acid, similarly combined, is required for the formation 
of others. 

238. A rough way of estimating the general nature of a soil, is thus 
given by Professor Johnston : — 

1 . Weigh a given portion of soil, heat it and dry it. The loss is water. 

2. Bum what remains. The loss is chiefly vegetable matter. 

3. Add muriatic acid to residue, and thus the quantity of lime may be 

determined. 

4. Wash a fresh portion of soil to determine the quantity of insoluble 

siliceous sand. 

Such an analysis, however, is by no means sufficient for the pur- 
poses of the farmer. 

239. The chemical composition of a plant being known, conclusions 
can be drawn as to the soil most suitable for its growth. This is a 
matter of great importance both to the farmer and to the planter. In 
order that a plant may thrive, even in a suitable soil, exposure and 
altitude must also be taken into account. It is only by attention to 
these particulars, that agricultural and foresting operations can be 
successful. As regards trees, the following practical observations are 
Riven as an illustration of what has been stated. The Scotch Fir 
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thrives best in a heathy soil, incumbent on a pervious subsoil, and at 
a high altitude ; Larch in loam, with a dry subsoil, in a high situa- 
tion, and on sloping banks ; Spruce and silver firs, in soft loam or 
peaty soil, in a low moist situation, but they will also grow in a dry 
soil, and in a pretty high altitude ; Oak in any soil and situation under 
800 feet above the level of the sea, but it thrives best in clayey loam, 
on a rather retentive subsoil, and on gently sloping ground ; Ash and 
Elm, on a gravelly loam, on gravel or sand, at an altitude under 
500 feet above the level of the sea; Sycamore, at 100 feet higher 
than the ash or elm, and in a more retentive soil and subsoil ; Beech, 
on a dry gravelly soil, and in a rather high situation, but it is often 
luxuriant on strong retentive clay, and in a low damp situation. 


APPLICATION OP MANURE. 

240. If the soil does not contain the ingredients required for a 
crop, they must be added in the form of manure. The principle of 
manuring is to supply what the plant cannot obtain from the soil, and 
to render certain matters already in the soil available for nutrition. 
In order that this may be properly practised, there must he an 
analysis of the soil, of the plant, and of the manure. Hence the im- 
portance of agricultural chemistry to the firmer. 

Various kinds of Man ure. 

241. ftatnrftl Manures, as farm-yard dung, are more valuable than 
simple manures ; inasmuch as the former furnish Jill the substances 
required for the growth of plants, while the latter only supply a 
particular ingredient. The plant itself, in a soluble state, would be 
the best manure. In ordinary farm-yard manure,, the straw is again 
made available for the purpose of the plant. The whole crop of wheat 
and oats, however, cannot be returned to the soil, as part must be 
retained for food. A substitute, therefore, must be found for the 
portion thus taken away. This contains both azotised and unazotised 
matters, the former consisting of proteine compounds, which supply 
nitrogen for the muscular tissue of man and animals; the latter of 
starchy, mucilaginous and saccharine matters, which furnish carbon as 
a material for respiration and fit. The object of manuring is chiefly 
to increase the former, and hence those manures are most valuable 
which contain soluble nitrogenous compounds. 

242. The value of manures is often estimated by the quantity of 
gluten which is produced by their application. Hermbstacdt sowed 
equal quantities of the same wheat on equal plots of the same ground, 
and manured them with equal weights of different manures, and from 
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100 parts of each sample of grain produced, he obtained gluten and 
starch in the following proportions: — 


Without manure... 

Gluten. 

9*2 

Starch. 

60*7 

Cow dung. 

12*0 

62*3 

Pigeons 1 do. 

12*2 

63*2 

Horse do 

13*7 

61*6 

Goats 1 do , 

32*9 

42*4 

8heep do 

32*9 

42*8 

Dried night soil. 

33*1 

41*4 

Dried Ox blood 

34*2 

41*3 


243. Manures containing ammonia, owe their oxellent qualities to 
the nitrogen which enters into their composition ; hence the value of 
sulphate of ammonia-, ammoniacal liquor of gas-works, and urine. The 
value of guano, or the dung of sea, -fowl, depends chiefly on the ammo- 
niacal salts, and the phosphates which it contains ; thus supplying the 
nitrogen and phosphorus requisite for the proteine compounds wdiich 
contain the elements of flesh and blood. The guano, which is 
imported, is the excrement of numerous sea-fowl which frequent the 
shores of South America and Africa. It often contains beautiful 
specimens of infusoria, as Campylodiscus, Coscinodiscus, Ac. The 
guano found in caves on the coasts of Malacca and Cochin-China-, is the 
produce of frugivorous and insectivorous bats, and of a species of swal- 
low — the last being the best 

244, The following analyst's by Dr. Golquhoun of Glasgow, which 
are the result of an examination of a large number of samples, give a 
general idea of the composition of guano. The term ammoniacal 
matter includes urate of ammonia and other ammoniacal salts, as 
oxalate, phosphate, and muriate, as well as decayed organic matter of 
animal origin. The term horn earth , includes phosphate of lime 
(always the principal ingredient), phosphate of magnesia, (always in 
small amount), oxalate of lime ; and in African guano, a minute 
quantity of carbonate of lime, and from \ to 2 per cent, of fragments 
of sea shells. The fixed alkaline salts , are various salts of soebi, as 
muriate, phosphate, and sulphate ; a little of a potash salt hits been 
detected. 


South American Guano . 



Fine Obineha. 

Middling. 

Inferior. 

Low qualities*. 

Ammoniacal matter 

62 .... 

. 42 .... 

. 28 ... 

.. 12 

... 15 

Bone earth. 

20 

. 24 .... 

. 30 ... 

.. 50 

... 37 

Fixed alkaline salts. 

10 .... 

. 14 .... 

. 21 ... 

.. 10 

... 5 

Rock, sand, earth..., 

0*5 

. 5 .... 

. 3 ... 

.. 15 

... 34 

Water , 

.... 7*5 

. 15 

. 18 ... 

.. 13 

... 9 


100*0 

100 

100 

100 

100 
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African Guano . 




Best Jcliaboe. 

Inferior. 

Low Quality. 

Ammoniaca! matter.... 

45 

28 

20 

Bone earth 

20 

21 

17 

Fixed alkaline salts .... 

12 

10 

14 

Rock, sand, earth 

1 

3 

25 

Water 

99 

32 

24 


100 

100 

100 


245. The guano from the islands on the British coasts, contains the 
same ingredients, but the soluble salts are generally washed out by 
the action of rain. The following is the analysis, by Dr. E. D. 
Thomson, of guano gathered on Ailsa Craig : — 


Water 50*30 

Organic matter and ammoniacal salts, containing 3*47 per cent. 

of ammonia 12*50 

Phosphates of lime and magnesia . 12*10 

Oxalate of lime 1*50 

Sulphate and phosphate of potash, and chloride of potassium 1*00 

Earthy matter and sand 15 *00 


240. Simple Manures supply only one or two of the materials in- 
quired for the growth and nourishment of plants. The ammoniacal 
liquor of gas-wwlcs, in a very diluted state, has been advantageously 
applied to the soil, ori account of the nitrogen which it supplies. Soot 
has also been used, from furnishing salts of ammonia. Nitrates of 
potash and soda have been recommended not only on account of the 
alkalies, but also on account of the nitrogen which they contain, in the 
form of nitric acid. The quantity of gluten is said to be increased by 
the use of nitrates. Carbonate of potash and soda and chloride of 
sodium , are frequently used as manures. The latter is especially use- 
ful in the case of plants cultivated inland, which were originally 
natives of the sea-shore, as Cabbage, Asparagus, and Sea-kale. As 
time is found in all plants, the salts containing it are of great impor- 
tance. It may be used in the caustic state with the view of decom- 
posing vegetable matter, and aiding in the formation of carbonic acid. 
It also neutralizes any acid previously in the soil, as is said to occur 
occasionally in boggy and marshy land, abounding in species of Juneus, 
Carex, and Eriophorum, with some Calluna vulgaris. Lime also 
combines with certain elements of the soil, and sets potash free, which 
reacts on the silica, and renders it soluble. Lime is sometimes washed 
down into the subsoil; and, in such cases, trenching improves the land. 
Phosphate of lime is a valuable manure, both on account of the lime, 
and of the phosphorus which it contains. Without the presence of 
phosphates, gluten, and the proteine compounds of plants, cannot be 



VARIOUS KINDS OF MANURE. 


121 


formed. Phosphate of lime exists abundantly in animal tissues ; and 
hence it must be furnished by plants. The use of bone-dust as a 
manure, depends in a great measure on the phosphate of lime which 
it contains. Besides phosphate of lime, bones contain about 3 per 
cent, of phosphate of magnesia, carbonate of lime, and salts of soda. 
The gelatine of bones also seems to act beneficially, by forming car- 
bonic acid and ammonia. Bones are best applied mixed with sulphuric 
acid, so as to give rise to the formation of soluble phosphates by de- 
composition. They are broken into pieces, and mixed with half their 
weight of boiling water, and then with half their weight of sulphuric 
acid. The mixture is applied to the soil, either in a diy state by 
the drill, with sa w-dust and charcoal added, or in a liquid state diluted 
with 100 to 200 waters. Phosphates and other inorganic matters, 
sometimes exist potentially in the soil, but in a dormant state, re- 
quiring the addition of something to render them soluble. Allowing 
the ground to lie fallow, and stirring and pulverizing it, are methods 
by which air and moisture are admitted, and time is allowed for the 
decomposition of the materials, which are thus rendered available for 
plants. Sulphur exists in considerable quantity in some plants, as 
Cruciferie, and it forms an element in albumen; hence the use of 
sulphuric acid and of sulphates as manures. Sulphate of lime or 
gypsum, is well fitted as a manure for clover. It acts in supplying 
sulphur and lime, and in absorbing ammonia. Charcoal in a solid 
state, has been applied with advantage as a manure. It acts partly 
by taking up ammonia in large quantities, and partly in combining 
slowly with oxygen, so as to form carbonic acid. The effects of car- 
bonic acid on vegetation are said to be remarkably conspicuous in 
some volcanic countries, in which this gas is evolved from the bottom 
of lakes. Wien it accumulates in large quantities, however, it destroys 
plants as well as animals. 

247. Manuring with Green Crops is sometimes practised. The 
mode adopted is to sow certain green crops, the roots of which extend 
deeply into the soil ; and when the plants have advanced considerably 
in growth, to plough them in, and sow a crop of some kind of grain. 
In this way the nutritive matter from the deeper part of the soil is 
brought within reach of the roots of the grain crop. Manuring with 
sea-weeds is also resorted to in cases where they are accessible. They 
supply abundance of carbonate, phosphate, and sulphate of lime, besides 
chloride of sodium. There are consideral >le differences in their chemical 
composition ; thus, while in Laminaria saccharina, alkaline carbonates, 
potash, and iodine, predominate ; in Fueus vesiculosus and serratus, 
sulphates and soda are in excess, and iodine is less abundant. In the 
cultivation of the Coco-nut Palm, Mr. M‘Nab finds that sea-weeds act 
very beneficially. 

248. Liquid Manures have of late years been much employed, and 
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the formation of tanks for their reception has been strongly recom- 
mended, in which the ammonia is fixed by the addition of sulphuric 
add or charcoal. They can be applied after vegetation has advanced, 
and they are in a state to be made at once available to the crop. More 
recently some have advocated a system of steeping seeds and grains in 
certain solutions before sowing them. Professor Johnston suggests 
a mixture of phosphate of soda, sulphate of magnesia, nitrate of potash, 
common salt, and sulphate of ammonia (1 lb. of each), in ten gallons 
of water, to steep 800 lbs. of seeds, which are to be afterwards dried 
with gypsum or quicklime. 

249. The following experiment, conducted by Mr. Wilson, at Knock, 
near Largs, shows the mode of estimating the effects of manures. The 
land was a piece of three-year old pasture, of uniform quality. It was 
divided into ten lots, and these were treated with different kinds of 
manure. The quantity of well-made hay is given in lbs. : — 


Lot 


1. — Left untouched, 

2. — t\ barrels Irish quicklime, 

3. — 20 cwt. Lime of gas-works, 

4. — 4J cwt. Wood charcoal powder, 

5. — 2 bushels Bone-dust, 

6. — 18 lbs. Nitrate of potash, 

7. — 20 lbs. Nitrate of soda, 

8. — 2 ! bolls Soot, 

9. — 28 lbs. Sulphate of ammonia,.., 

10. — 100 gallons Ammoniacal liquor of gas- works. 

5° T weddells hydrometer,... 


Produce 

Rate 

per Lot, 

per Acre. 

... 420 .. 

... 3360 

... 602 .. 

... 4816 

... 651 .. 

... 5208 

... 665 .. 

... 5320 

... 603 .. 

. . . 5544 

... 742 .. 

... 5936 

... 784 .. 

... 6272 

... 819 .. 

... 6552 

... 874 .. 

... 6776 

| 945 .. 

.... 7560 


The value of each application was the same, all were applied at the 
same time, and the grass also was cut at the same time. 

250. Plants are thus employed to form from the. atmosphere and 
soil those organic products which are requisite for the nourishment of 
man and animals. While an animal consumes carbon so as to form 
carbonic acid, gives off ammonia in various excretions, transforms 
organized into mineral matters, and restores its elements to air and 
earth : a plant, on the other hand, fixes carbon in its substance and 
gives off oxygen, forms from ammonia solid compounds, transforms 
mineral into organized matters, and derives its elements from the air 
and earth. Thus, says Dumas, what the atmosphere and soil yield to 
plants, plants yield to animals, and animals return to the air and earth, 
a constant round in which matter merely changes its place and form.* 

* For fuller particulars as to the food of plants, analyses of plants, soils, manures, and 
rotation of crops, see Johnston’s Lectures on Agricultural Chemistry; Liebig’s Works ; Dumas 
on Organic Nature; Davy’s Agricultural Chemistry, by Shier ; Mulder’s Chemistry of Organic 
Bodies, translated by From berg; and various Papers in the Quarterly Journal of Agriculture 
184446 ; Saussnre’s Works ; Daubeny on Rotation of Crops, Phil. Trans. 1846 ; Boussingault, 
Economic Rnralc. 
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EPIPHYTIC AND PA1USITIC PLANTS. 

251. Some plants grow without any attachment to the soil, and are 
able to derive in a great measure, from the atmosphere, all the ma- 
terials required for their growth. Such plants are called Epiphytes (gV/, 
upon, and purov, a plant), or air-plants , and may be illustrated by the 
Tillandsias, Bromelias, and Orchids of warm climates. Such plants, 
when attached to the surface of trees, may perhaps derive some nourish- 
ment from the inorganic matter in the decaying bark ; but they do not 
become incorporated, so to speak, with the trees. 

252. There are other plants, however, which are true Parasites (-raga, 
beside, and <r/Vog, food, deriving food from another), sending prolonga- 
tions of their tissue into other plants, and preying upon them. Many 
Fungi, for instance, develop their spores (seeds) and spawn (myceliun) 
in the interior of living or dead plants, and thus cause rapid decay. 
The diseases of corn, called smut and rust, and the dry rot in wood, are 
due to the attacks of these parasitic Fungi. The minute dust or powder 
produced by these plants, consists of millions of germs which are easily 
curried about in the atmosphere, ready to fix themselves on any plants 
where they can find a nidus. There are also flowering plants which 
grow parasitieally, and they may be divided into two classes ; 1. Those 
which are of a pale or brownish colour, and have scales in place of 
leaves ; and 2. Those which are of a green colour, ami have leaves. 
The former, including Orobanche or broom-rapes, Latlmea. or scale- 
wort, Cuscuta or dodder, derive their nourishment entirely from the 
plant to which they are united, and seem to have little power of elabo- 
rating a peculiar sap; while the latter, as Loranthus, Viscum or misleto, 
Myzodendron, Thesium, Euphrasia, Melampyrum, and Buchuera, ex- 
pose the sap to the action of air and light in their leaves, and thus 
allow certain changes to take place in it. The Misleto, from its power 
of elaboration, is able to grow on different species of plants, as on the 
apple, beech, oak, &c. Some of these parasites are attached to the roots 
of plants by means of suckers, as in the case of Broom-rapes, Scale- 
wort, and Thesium; while others, as Dodder, Misleto, &c., feed upon 
the stems. The plants to which the parasites are attached give origin 
frequently to their specific names. The species of Cuscuta or dodder, 
inhabit all the temperate and warm parts of the globe, and are peculiarly 
destructive to clover and lint. They are produced from seed which at 
first germinates in the soil, like other plants; but after the stem has coiled 
closely round another plant, and becomes attached to it by means of 
suckers, then all connection with the soil ceases, and the Dodder con- 
tinues its life as a parasite. A remarkable tribe of parasites, called 
Bafflesias, has been found in Sumatra and Java. They are leafless, and 
produce brown-coloured flowers, which are sometimes three feet in 
diameter. On account of their only producing a flower and root, 
they are denominated Rhizanths a root, and civdo;, a flower). 
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2.— Absorption and Circulation of Fluids. 

253. While the leaves and other aerial organs of plants have the 
power of absorbing fluids, it is chiefly in the roots that tins process takes 
place. The cells of the spongioles or Abrils of the roots, are covered 
by a very delicate membrane 120), which allows the imbibition of 
fluids to proceed rapidly ; and as additions are made to their extremi- 
ties, they arc constantly placed in circumstances favourable for the re- 
ception of fresh nutriment. The nutritive materials in the soil, partly 
derived from the decomposition of organic and inorganic materials, 
and partly from the atmosphere, are supplied to the roots in a state of 
solution ; and as the substances in the cells of plants are usually denser 
than the external fluid matters, a process of endosmose takes place, by 
which the latter pass through the cell-membrane in large quantities, 
while a small portion of the former is given off or excreted by exosmose. 
These movements have already been alluded to as taking place be- 
tween fluids of different densities, when separated by an animal or 
vegetable membrane (IT 27). They are referred by some to electrical 
agency, and they perform an important part in the motions of vege- 
table fluids. 

254. Endosmose and Exosmose, then are the names given to the 
phenomena of mixture through a membrane accompanied with change 

of volume. The former being given when the volume 
increases by an in-going strong current, the latter when 
the volume diminishes by an out-going weak current. 
In most cases, but riot all, the dense fluid increases. 
The rapidity of the mixture depends on the position 
which the denser fluid occupies, being quicker when it 
is uppermost. In fig. 222 is represented the mode 
of showing endosmose by means of a bladder full 
of syrup, which is attached to the end of a tube and 
immersed in water. In this case the water passes 
rapidly into the bladder by endosmose, so that the fluid 
rises in the tube, while a portion of the thicker fluid 
passes out by exosmose. The force of this endosmose 
may be measured by a graduated tube, as in the figure, 
or by a tube with a double curvature, as fig. 224, the 
lower part of which is filled with mercury. In the 
latter case, the mercury is pushed upwards into a 
graduated tube, and thus an endosmosmeter (^srpov, a 
measure), or measure of the force of endosmose, is formed. 

255. Dutrochet found that with a membrane of 40 millimetres* in 

* A millimetre is about l-25th of an English mile. 

Fig. 222. Instrument to show Endosmose and Exosinose, consisting of a bladder containing 
syrup. attached to a tube, and plunged in a vessel of water. The inward motion of the water 
endosmose) exceeds the outward movement of the syrup (exosmose). 
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diameter, a tube of 2 millimetres, and a solution of sugar, the density of 
which was 1 ’083, the fluid rose 39 millimetres in the space of an 
hour and a half; with syrup, of density 1*145, the rise was 68 milli- 
metres; and with syrup, of density 1*228, the rise was 106 milli- 
metres. Syrup, of density 1*3, produced a current capable of raising 
a column of mercury of 127 inches, which is equal to a pressure of 
4J atmospheres. Thus the velocity and force of the rise depends 
on the excess of density of the interior liquor over that of the water 
outside. Different substances act with various intensity in pro- 
ducing endosmose. The following ratio expresses the variable in- 
tensity of endosmose, in different cases in which the density of the 
solution was the same: — Solution of gelatine, 3; of gum, 5*17; of 
sugar, 11; of albumen, 12. In order that endosmose and exosmose 
may take place, the liquids must have an affinity for the interposed 
membrane, and an affinity for each other, and be miscible. Accord- 
ing to Matteucci and Oirna, the interposed membrane, whether animal 
or vegetable, is very actively concerned in the intensity and direction 
of the endosmotic current. The different surfaces of membranes also 
act variously, and it is probable that the physiological condition of the 
membrane has an important effect. 

256. The fluid matters absorbed by the roots are carried upwards 
through the cells and vessels of the stem, under the form of ascending 
or crude sap ; they pass into the leaves, where they are exposed to tire 
influence of air and light, and afterwards return through the bark in the 
form of descending or elaborated sap, and a portion of them ultimately 
reaches the root, where it is either excreted or mixed with the new 
fluid entering from the soil. 

257. Ascending or Crude 8np. — In order to show tlie course of the 
fluids in exogenous stems, numerous experiments have been performed 
by Walker, I)e la Baisse, Burnett, Schultz, and others. These consisted 
in making incisions or notches in the hark and wood of trees at dif- 
ferent heights, and noting the points where the sap made its appearance 
at. different periods of the year, more especially in spring ; also in 
plunging plants with their roots entire into certain coloured solutions, 
and marking the course of the coloured fluids. These experiments 
led to the conclusion that the sap ascends chiefly through the alburnum 
or newer wood, proceeds along the upper side of the leaves, and re- 
turns by their lower side to the bark and root. If incisions are 
made into the trunk of a tree at different heights early in spring, it is 
found that the discharge of sap takes place, first from the lower parts 
of the incisions, and chiefly from the alburnum ; while at a later period 
of the year the discharge, or the bleeding, occurs on both sides of the 
incision, chiefly from the new wood on the lower side, and from the 
bark on the upper side. If a plant be plunged into a weak solution 

acetate lead (which is capable of being absorbed), the metal may 
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be detected, first in the new wood, next in the leaves, and then in the 
bark. 

258. From the minuteness of the tissue, and the difficulty of ex- 
amining the circulation in a living plant, it is not easy to determine 
the vessels through which the sap moves. In its upward course, it 
appears to pass through the recent woody tissue and the porous vessels, 
and in its downward course through the laticiferous vessels and cellular 
tissue of the bark, being also transmitted laterally through the cells of 
the medullary rays. In some cases, when the bark has been removed, 
and the tree continues to live, the descent or fall of the sap takes place 
by the cells of the medullary rays. In the course of this circulation, 
the sap nourishes the different organs, its carbonic acid and water are 
partly decomposed, combinations take place with nitrogen, protoplasm 
or formative matter is produced, and various secretions are formed in 
the cells and intercellular passages. 

25 9. Gaseous matters are taken up by the roots of plants and cir- 
culated along with the sap, as well as in the spiral vessels. These 
usually consist of common air, carbonic acid, and oxygen. Hales 
showed the existence of a large quantity of air in the vessels of the 
Vine, and Geiger and Proust have proved that the sap of this plant 
contains much carbonic acid. In some aquatic plants, as Pontederia 
and Trapa, there is a quantity of air contained in the vessels or inter- 
cellular spaces, with the view of floating them. In Vallisneria, the 
large cells in the centre of the leaves are surrounded by air cavities, 
which are seen as dark lines under the microscope. When cut, the air 
comes out in bubbles, and this escape will continue under water for 
several days, from the part of the leaf attached to the plant, when ex- 
posed to the light An ounce of air has been collected from two 
leaves of the plant in six days. This air, as well as that contained in 
sea-weeds, does not enter by stomata, for none exist, but must be taken 
up by the cells probably in solution. 

260. Changes take place in the composition and density of the sap 
in its upward course, but the chief alterations take place in the leaves. 
There it is exposed to the influence of light and air, by means of which, 
as will afterwards be seen, carbon and hydrogen are fixed, oxygen is 
given off, and an exhalation of watery fluids takes place. The sap 
becomes denser, and consequently the process of endosmose is pro- 
moted, so that tin* fluids pass from cell to cell along the upper surface 
of the leaf, and are gradually propelled into the lower cells, where 
they are acted upon by the air through the stomata, and are ulti- 
mately sent into the vascular and cellular tissue of the bark, where 
further changes take place. 

261. Elaborated or Descending ftnp. — The elaborated sap is some- 
times clear and transparent, at other times it is milky or variously 
coloured and opaque. By Schultz it lias been called* latex, and the 
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vessels transmitting it liave been denominated laticiferous (If 38). The 
latex contains granules, which exihit certain movements under the 
microscope. These were first noticed by Schultz, who has written a 
very elaborate treatise on the subject.* On account of these move- 
ments in the latex, the laticiferous vessels have been denominated 
Cinmchymatom (x/veco, to move), and the movements themselves are 
included under the name Cyclosis (xuxXog, a circle). Schultz looks upon 
the latex iis a fluid of vital importance, and similar to the blood in 
animals. His views are opposed by Mold, Tristan, and Treviranus, 
who consider the latex as a granular fluid containing oil, resin, and 
caoutchouc, which exhibits molecular movements only when injury is 
done to the vessels containing it. 

262. The plants in which the movements are best observed, are those 
in which the latex is milky or coloured, such as various species of 
Ficus, Euphorbia, and Chelidonium. In flg. 223 there is represented 
a small fragment of a leaf of 
Chelidonium maj us (celandine), 
which shows the currents of 
orange granules in the* lati- 
ciierous vessels, their direction 
being indicated by arrows. 

From observations made last 
summer, I am disposed to agree 
with Schultz’s statements. It 
is true, as Mohl remarks, that 
any injury done to the part 
examined causes peculiar os- 
cillatory movements, which 
speedily cease. Thus if the 
young unexpanded sepal of 
the Celandine is removed from 
the plant and put under the 
microscope, or if the inner 
lining of the young stipule of 
Ficus elastica be treated in a 
similar manner, very obvious 
motion is seen in the granular contents of the vessels, and this motion 
is affected by pricking the vessels or by pressure. In order to avoid 
lallaey, however, I applied the microscope to the stipides of Ficus 
elastica, while still attached to the plant and uninjured ; and I remarked 
that, while pressure with any blunt object on the stipule caused a 

* Nova acta Academia^ C«*sar. Leopold-Carol. Natura? Curios, tom. xviii. 

t’ipf. 22S. Small portion of the leaf of Chelidonium majus or Celandine, highly magnified), 
showing a network of laticiferous vessels. The direction of the currents in the vessels is indi- 
cated by the arrows. 
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their texture is often delicate, the movements are rapid. Many of 
these, as sea-weeds, when plunged into water, after having been dried 
by evaporation, imbibe the fluid with very great rapidity. 

266. The Cause of the Progression of the Sap has been investigated 
by Malpighi, Hales, Dut rochet, Draper, Briicke, and Liebig. While 
the capillarity of the vessels in the higher plants operates to a certain 
degree, it would appear that the process of endosmose is that by which 
the continued imbibition and movement of fluids is chiefly carried on. 
Prom the loss of its watery contents, by exhalation, and the meta- 
morphoses going on during the process of nutrition and secretion, the 
sap becomes gradually more and more dense, and thus, throughout 
the whole plant there is a forcible endosmotic transmission of the 
thinner fluids, and a constant change in the contents of the ceils and 
vessels. These movements will of course take place with greater 
vigour and rapidity according to the activity of the processes going on 
in the leaves, which thus tend to keep up the circulation. 

267. Draper attributes the movement of the sap to capillary attrac- 
tion, which he considers as an electrical phenomenon. This attraction 
takes place when a fluid moistens a capillary tube, and there can be 
no flow unless a portion of this fluid is removed from the upper ex- 
tremity; for capillarity will not of itself raise a fluid beyond the end 
of the tube. Evaporation and transpiration, which take place in the 
leaves, remove a portion of the vegetable fluids, and thus they promote* 
the capillary action of the vessels. When two fluids of different kinds 
come into contact in a tube on different sides of a membrane, (which' 
membrane being porous, may be considered as made up of numerous 
short capillary tubes), that will pass the fastest which wets it most 
completely, or lias the greatest affinity for it. Hence, Draper ex- 
plains the phenomena of endosmose and exosmose by referring them 
to capillary attraction, aided by transpiration. 

268. Liebig adopts a somewhat similar view of the phenomena. He 
states that the accurate experiments of Hales have shown the effects 
of evaporation and transpiration on the movements of sap. Transpira- 
tion takes place chiefly in clear and dry weather, and consequently is 
regulated by the hygrometrie state of the atmosphere. When the 
weather is cloudy and the atmosphere moist, transpiration is checked, 
and stagnation of the juices takes place. The greater the transpira- 
tion, the greater the supply of fluid necessary. Hence, plants kept in the 
dry atmosphere of rooms lade from want of a due supply to compensate 
for transpiration; and hence the importance of pruning plants before 
transplanting them, so as to diminish the evaporating surface, and of 
performing the operation in dull and moist weather, so as to allow the 
absorption of fluids to keep pace with the transpiration. This pro- 
cess of transpiration, therefore, by forming a vacuum, assists capillary 
attraction and the atmospheric pressure, and thus the fluids rise. As 

i 
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the process of endosmose and exosmose depends on the chemical affinity 
between the fluids on each side of a membrane, the porosity of the 
membrane, and the attraction existing between it and either of the fluids, 
it follows that the nature of the parietes of the cells and vessels of plants 
must have a marked effect on their contents and secretions. 

269. The observations of physiologists and chemists thus lead to the 
conclusion, that the movement of the sap in plants is due partly to the 
changes effected in the leaves and other green parts, by light and air ; 
partly to capillary attraction, the continuous influence of which is kept 
up by the constant loss of fluids ; and partly to endosmose and exos- 
mose. It may be said that there is a vis a tergo , without the presence 
of leaves, as shown by the experiments of Hales (fig. 224), combined 
with vis a f route , depending on the suction-power of the leaves. 

270. Wien cut twigs or flowers are put into water, their functions 
are kept up for some time by endosmose and capillarity. The latter 
power has great influence in such a case, and hence the cleaner the 
cut the better, so that no lacerated or ragged edge may interrupt its 
operation. In these circumstances also small solid particles and col- 
ouring matters will enter the tubes. Boucherie found that felled trees, 
the extremities of which were immediately immersed in various solu- 
tions, continued to imbibe them with great force and rapidity for many 
days. A Poplar, 92 feet high, absorbed in six days nearly sixty-six 
gallons of a solution of pyrolignite of iron. 

271. Heat and light have a powerful influence on the movements of 
the sap, by promoting transpiration and the action of the cells. After 
the winter’s repose, the first genial sunshine of spring stimulates the sap 
to activity, and afler the leaves are expanded, the circulation goes on with 
vigour. The effect of leaf-buds in promoting the movement of sap, 
may be exhibited by introducing a single branch of a vine growing in 
the open air into a hot-house during winter, thus exposing it to heat 
and light. In this case the leaves are developed, and the fluids are 
set in motion from the roots upwards, so as to supply this single branch, 
although in the other branches there is no circulation. 

272. In spring, the first effect of light and warmth is to stimulate 
the leaf-buds. These enlarge, and the endosmotic process commences 
in their cells. This is communicated to other cells, and gradually ex- 
tends to the root, which draws up a continued supply of fluids from 
the soil The matter stored up during the winter undergoes changes ; 
certain substances are dissolved, and thus the sap is thickened, so that 
the endosmotic process is powerfully increased, and the whole plant 
exhibits an active and vigorous circulation. Towards the latter part 
of the season, when the heat and light decrease, the leaves perform 
their functions more languidly, and there is a near approach to equili- 
brium in the density of the fluids, and ultimately there is a cessation 
of the circulation. 
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273. Liebig thinks that in the case of the vine, in which, according 
to Briicke, the specific gravity of the sap in spring is very little 


more than that of water, the rise of 
the sap does not at this season depend 
on endosmose, but on the disengage- 
ment of gas, which was shown by 
Hales to be given off in large quanti- 
ties, when the vessels were cut. The 
gas is conjectured to be carbonic acid 
gas, judging from the experiments of 
Geiger and Proust, who showed that 
the sap of the vine contains much of 
this acid. 

274. The height to which the sap 
rises in the case of lofty trees, with 
spreading roots, is very great. The 
force with which it ascends has been 
measured by Hales, and is found to 
vary according to the state of the 
weather and the vigour of the plant.. 
By fastening a bent tube, containing 
mercury, on the stem of the vine, he. 
found in one of liis experiments, that 
the sap raised the mercury upwards of 
thirty inches. The apparatus used 
by Hales, is similar to that used 
by Dutrochet, to measure endosmose, 
as is represented at fig. 224, where 
c is the stem of a vine cut, t is a 
bent glass tube fitted to the cut ex- 
tremity of the vine by a copper ring, 
v 7 carefully luted and secured by a bit 
of bladder, m; nn represents the level 
of the mercury in the two branches 
of the lower curvature, before the 
experiment, and n n the level at the 
conclusion of it. He calculated that 
the force of the sap in the vine, in 
some of his experiments, was five times 
greater than that of the blood in the 


t 



Fig. 224. 


crural artery of the horse. 


Fig. 224, — Experiment by Hales, to show the force of ascent of tho sap. c T Stock of a vme cut. 
t A glass tube with a double curvature attached to the upper part of the. vme-stock, by means 
of a copper cap, v, which is secured by means of a lute and piece of a bladder, m, n n, novel oi me 
column of mercury in the two branches of the tube at the commencement oi the experiment, n a 
I^vei at the conclusion of the experiment 
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275. Special Movements of Fluids. — Besides this general circulation 
of the sap, special movements have been observed in the cells of 
plants, which have been included under the name of A fetation (rota, a 
wheel), or Gyration (< gyrus , a circuit or circle). These motions have 
been detected in the cells of many aquatic plants, especially species of 
Ohara and Vallisneria, and in the hairs of Tradescantia. The currents 
proceed in a more or less spiral direction, and are rendered visible 
by the granules of chlorophylle which they carry along with them. 
There exist also other granules in the fluids, which are coloured 
yellow by iodine, and are probably of a nitrogenous nature. 

,276. The species of Chara, in which rotation has been observed, 
are aquatic plants growing in stagnant ponds, and are composed of a 
series of cylindrical cells, placed end to end. Sometimes the plant con- 
sists of a single central cell ; at other times there are several smaller 
ones surrounding it, which require to be scraped oft* in order to see 
the movements. Many of the species are iucrusted with calca- 
reous matter, so as to become opaque, while others, as Chara flexilis, 
included under the division Nitella, have no incrustation, and are 
transparent. In these plants the movements take place between the 
two membranes of which the cell-wall is composed. Some granules, 
of a green colour, are attached to the cell-wall, while others are carried 
with the current, which passes along one side and returns by the other, 
following an elongated spiral direction. The descending current in 
the branches is next to the axis. 

277. In Vallisneria spiralis (which includes V. Micheliana and 
Jacquiniana), the cells in all parts of the plant, as in the leaf, root, 
flower-stalk, and calyx, contain numerous green granules and an 
occasional cyloblast or nucleus, which, under certain circumstances, 
are carried, with the juices of the plant, in continual revolution round 
the walls of each cell. Although in different cells the currents pro- 
ceed often in different directions, still, in any given cell the rotation is 
uniform ; for if stopped by cold it resumes the same direction, nota- 
tion will continue in detached portions of the plant for several days, or 
even for three or four weeks. The best way of showing these motions 
is to take a small portion of a young leaf and divide it in halves, by 
making a very oblique section on the plane of the leaf; by which means 
a transparent end is obtained. This should be done at least an hour 
before it is put under the microscope. The part is to be viewed in 
water, between two pieces of glass; and a little heat is sometimes use- 
ful in causing the movements to commence. 

278. A similar intra-cellular circulation, is seen in species of Potamo- 
geton, Hydrocharis, and many aquatics, as well as in the moniliform 
purple hairs on the filaments, and in the calycine hairs of Trade- 
scantia virginica. In the examination of these hairs a higher micro- 
scopic power is required than in the case of the plants previously 
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mentioned. The nucleus in the cells of these hairs is usually fixed to 
the walls, and the movements take place to and from it, and appear to 
be confined between a double cell-wall. Fig. 225 shows a calyeine 
hair, p, of Tradescantia virginica, 
with a small portion of the epi- 
dermis, e e, on which a stoma, 8 , 
is seen. In each of the cells, 
both of the epidermis and the 
hair, there is a nucleus, n n, and 
rotatory currents, the direction 
of which is indicated by that of 
the arrows. In each cell, as 
seen in a y there are several cur- 
rents, which cross each other 
at the point where the nucleus is 
situated, thus giving rise to the 
appearance of an irregular net- 
work. The hairs of many other 
flowering plants exhibit rotation 
(fig. 80), and it is probable that 
in all young cells there are cur- 
rents or streams radiating from 
the nucleus. The fluid circulating 
is a mucilaginous protoplasm or 
formative matter, and in Ohara 
and Vail isnoria it forms a uniform 
investing layer on the inner sur- 
face of the cell. The motions 
would appear to be connected in 
some way with the nutrition of 
cells and the formation of new 22 s 

ones; and, while they continue throughout life in aquatics, they often 
cease in plants living in air, after they have attained a certain develop- 
ment. 

279. Some of these movements, especially in hairs, were looked 
upon by Schultz as occurring in minute vessels, and therefore he 
included them under eyclosis. Schleidcn maintains that in the Val- 
lisneria cells it is not the cellular sap that is in motion, but a mucila- 
ginous fluid, with which the chlorophylle granules and the nucleus are 
connected, and which flows in an uninterrupted manner along the cell_ 
walls, but on account of its transparency and slight thickness, is no 

Eig. 225. — Hair, p, taken from the calyx of Tradescantia virginica, with a small portion ot 
the epidermis, ee, on which there is a stoma, In each of the epidermal cells there is a 
nucleus, a, and currents (rotation), die direction of which are indicated by the arrows. In 
each cell there are several currents moving to and from the nucleus, as is well seen at a. 
Ju the elongated cells of the hair, the nucleus, n, is carried along with the currents. 
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easily seen. In Chara, also, lie states it is not the cell-sap which moves, 
but a denser fluid, present in large quantity, and occupying the outer 
parts of the cell-cavity. Mohl thinks that a homogeneous protoplasm 
fills these cells at first completely, but that during growth it becomes 
hollowed out into one or more cavities, and that around these the 
mucilaginous matter circulates. In Vallisneria, there is only one 
cavity, while in other plants there are several, giving rise to the 
appearance of mucilaginous streams or lines running from the nucleus 
to the cell-wall. These mucilaginous lines, he vsays, occasionally after 
the circulation has ceased, remain permanently on the cell-wall. The 
existence of spiral fibres in cells has been traced to currents of this 
kind. 

280. The velocity of the currents in various plants, at 66° to 68° 
Fahrenheit, is thus given by Mohl: — 

Filament al hairs of Tradeseantia viiginica , — S } )X) to of a Parisian line in a second; 
mean, 

Leaves of Vallisneria spiralis — quickest, ; slowest, ; mean, of a line in a 

second. 

Stinging hairs of TJrtica baccifera — quickest, ^| T ; slowest, -g } 5 ; mean, 

Cellular tissue of young shoot of Sagittaria sagitfcifolia, to » mean, 
u a leaf of Do., to ; mean, T ^. 

Hairs of Cucurbita Pepo — quickest, ; slowest, mean, xs Vt* 

The measurements were made by noting the passage of the globules 
across the field of a micrometer, fixed in the ocular of the microscope, 
and counting the strokes of a second’s pendulum. These movements 
appear more rapid to the observer; but then it must be recollected 
that the parts are seen in a highly magnified state. 

281. The Cause of Rotation has not been satisfactorily explained. 

Some attribute it to electrical or magnetic currents causing attrac- 
tion and repulsion of the granular contents of cells. The different 
contents of the cells, according to them, mutually act and react on 
each other, and thus give rise to movements similar to those which 
take place on the surface of water when oily or resinous matters are 
added, and which have been called epipolic on the surface). 

Recent observations, bj ^ut rochet, seem to show that the magnetic force 
exercises no influence over the movements in Chara. Others believe 
that while heat, and electricity, and physical agents, stimulate these 
movements, they are not the cause of them. Some trace the move- 
ments to the presence of the nucleus, and look upon them as connected 
with the period of growth when new cells arc being formed, and 
as ceasing after the nucleus has disappeared. 

8.— Respibation or Plants. 

282. The changes which are produced in the atmosphere by living 
plants have been included under the title of Vegetable Respiration, 
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The experiments of Priestley, in 1771, showed that plants when put 
into an atmosphere containing a considerable proportion of carbonic 
acid, and exposed to light, purified the air by removing carbon and 
producing oxygen. Air in which animals had died, was thus rendered 
again fit for breathing. Scheele made a series of experiments with 
nitrogen in place of carbonic acid, and he found that plants did not 
purify an atmosphere composed of nitrogen alone. The foul air, then, 
in his experiments, differed completely from that in Priestley’s experi- 
ments, and hence the difference of results, lngenhouz and Senebier 
performed numerous experiments, which proved that during the day, 
plants gave out oxygen gas, while during darkness, this process was 
suspended. Saussure stated, that during the night, oxygen gas was 
absorbed in different quantities by plants. Fleshy plants absorbed 
least ; next came evergreen trees, and then deciduous trees and 
slirubs. This absorption of oxygen is attended with the formation of 
carbonic and other acids. It has been said that some leaves, on 
account of this process of oxidation, are acid in the morning, and 
become tasteless during the day. Decandolle, Ellis, Daubeny, and 
numerous other observers, have confirmed the conclusions drawn by 
the early experimenters. The results of all these observations are, 
that plants, more especially their leaves and green parts, have the 
power of decomposing carbonic acid under the influence of solar 
light, and of evolving oxygen. While in darkness, no such decom- 
position takes place, oxygen is absorbed in moderate quantity, and 
some carbonic acid is given off The former process caused by the 
deoxidizing power of plants, much exceeds the latter in amount. 

283. Burnett endeavoured to show that there are two processes 
constantly going on in plants, one being what he calls digestion , con- 
sisting in the fixation of carbon and the evolution of oxygen, and 
only carried on during the day; the other being wliat he calls proper 
respiration , consisting in the evolution of carbonic acid gas, and 
carried on at all periods of a plant’s growth. He thinks that his 
experiments prove the disengagement of carbonic acid from the leaves 
of plants, both during night and during day. These opinions are not 
confirmed by other experimenters. What generally called vege- 
table respiration, may be regarded as equivalent to digestion, con- 
sisting, as it does, of the decomposition of certain matters, and the 
fixation of others by a process of assimilation ; but there is no evidence 
of the constant elimination of carbonic acid, in the same way as occurs 
in animal respiration. It would appeal’ to be more correct to con- 
sider the processes in animals and vegetables as opposed. Respiration 
in the former being the elimination of carbon, while in the latter it is 
the elimination of oxygen. 

284. The changes produced in the atmosphere, are caused chiefly 
by the superficial green parts of plants. It was long ago supposed 
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that the spiral vessels from their structure were to be looked upon as 
true wind-pipes or tracheae, conveying air from the stomata or pores 
in the leaves. But although they contain aeriform matters, they have 
been shown to be not directly concerned with the changes in the 
atmosphere, and to have no immediate connection with the stomata. 
The oxygen evolved by plants, appears to be derived from the carbonic 
acid (CO 2 ), the carbon of which is appropriated, and from water 
(HO), the hydrogen of which is assimilated. Light is necessary for 
these decompositions, and it is probable that the alkalies taken up by 
the roots aid the process. 

285. If the leaves of a plant are bent under an inverted tumbler of 
water, in a pneumatic trough, and exposed to the sun, bubbles of gas 
will soon be given off, which are found to be pure oxygen; and if the 
water contains carbonic acid, there will be a diminution in its quantity. 
The same leaves in darkness will not evolve any oxygen, light being 
essential for the process. The oxygen derived from the carbonic 
acid may be all evolved, or part of it may in its nascent state enter 
into certain combinations within the plant. The brighter and longer 
continued the light, the more oxygen is given off, and the greater the 
quantity of carbon added to the plant. If a healthy plant is covered by 
a bell jar, and exposed to light for twelve hours, oxygen will be formed, 
and if carbonic acid be added to the air, it will gradually diminish, 
while the oxygen will increase 1 . During the night the action is re- 
versed, and if the plant is left twelve hours in darkness, the oxygen 
will decrease 1 , wldlc carbonic acid will increase. 

286. The fixation of carbon probably takes place gradually, giving 
rise at different stages to the formation of various organized com- 
pounds. Thus, two atoms of carbonic acid, by lovsing one of oxygen, 
become oxalic acid ; this oxalic acid, with the aid of wrater, may yield 
other acids, from which by the elimination of oxygen, and the addition 
of the elements of water, various unazotised matters, as starch, gum, 
and sugar, may be derived ; these changes being promoted by the 
presence of alkalies. The fixation of carbon and hydrogen from the 
decomposition of carbonic acid and water, gives rise to the formation 
of the various secretic found in the bark and external cells, as 
ehlorophyllc, resins, ona* caoutchouc, and wax. 

287. Carbonic acid, as has been already noticed, is taken up in large 
quantity by the roots of plants from the soil, and it is also probably, 
absorbed from the atmosphere by the leaves. In the interior of plants 
it is changed in various ways, but it is in the leaves more especially 
that its decomposition takes place. At night it is given off unchanged, 
by what Liebig considers as a mere process of exosmose, in conse- 
quence of the dissolved acid being no longer assimilated by the action 
of light. Others say that carbonic acid is not produced by exhalation 
only, but is also derived from the direct union between the oxygen of 
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die air and the carbon of the plant. This may occur in some plants 
without leaves, as Fungi, where a direct process of oxidation takes 
place in the organic matters which have been assimilated. The 
quantity of this acid given off* during night, is by no means equal to 
that which is absorbed by the plant during the day. 

288. The parts of plants which arc not green, seem to absorb oxygen. 
Thus, roots and subterranean organs act in this way, and the presence 
of oxygen seems to be necessary for their growth. There are also 
certain periods in the life of a plant when carbonic acid is given oft* 
in large quantity, even during the (lay, depending on a chemical 
change taking place in the starch of the plant, by which it is con- 
verted into sugar. These periods are germination, lloweiing, and 
fruiting. The changes produced will be alluded to when these sub- 
jects are considered. When plants are decaying, or are in an un- 
healthy state, they undergo chemical changes, by which carbonic acid 
is formed. This was found by Burnett to have affected the results of 
some of Mr. Ellis’s early experiments. 

289. Certain plants have a great power of decomposing carbonic 
acid under the action of light. This is particularly the case with 
aquatics. It is thus that they keep up the purity of the pools and 
ponds in which they grow. Pistia Stratiotes has this effect in the 
Batavian ponds, and Sir II. Davy notices the great vigour of aquatic 
plants in the lake Solfatara, where carbonic acid was constantly 
bubbling up on the surface. The oxygenation of the water by aquatics 
has also been observed by Morren of Geneva. 

290. Experiments have been made as to the effect of the different 
rays of the spectrum in aiding the decomposition of carbonic acid, by 
the green parts of plants. Draper states that the light-giving rays, or 
those nearest the yellow, have the greatest effect; while the heat-giving 
and the tithonic, or chemical rays, had scarcely any influence. The 
experiments of limit also lead to the conclusion, that the yellow rays 
have most effect in the fixation of carbon, and in the production of 
woody matter. 

291. While the breathing of man and animals, and the various 
processes of combustion, are constantly absi ting oxygen from the 
atmosphere, and substituting carbonic acid, wants are decomposing 
tliis noxious gas, and restoring the oxygen. In tropical countries, 
where the vegetation is luxuriant and the light intense, the fixation of 
carbon and evolution of oxygen goes on with great vigour, thus fur- 
nishing a supply to those regions where, during certain periods of the 
year, both vegetation and heat are deficient. •( , 

Effects of certain Gases on living Plants. 

292. It has been already stated that plants can live in an atmos- 
phere containing a considerable proportion of carbonic acid, provided 
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they ore exposed to the light. Thus, an atmosphere which could not 
be breathed by man and animals is capable of supporting vegetable life. 
The experiments of Priestley, Percivai, and Saussure, show, however, 
that plants will not continue to exercise their functions in pure carbonic 
acid gas, but that in all cases a certain quantity of free oxygen must 
be present. It has been found that plants do not thrive in pure 
nitrogen, nor in hydrogen gas. These gases seem to have no directly 
injurious elfects, but to act chiefly by depriving the plants of carbon 
and oxygen. 

293. 'There are certain gases which have very prejudicial effects on 
plants, as proved by the experiments of Turner and Christison.* 
Some of them act as irritant poisons, causing local disorganization ; 
others as narcotic poisons, inducing a drooping and decay of the entire 
plant. To the former class belong sulphurous acid gas, hydrochloric 
or muriatic acid gas, chlorine and nitrous acid gas ; while under the 
latter are classed sulphuretted hydrogen, cyanogen, carbonic, oxide, 
and ammoniacal gas. 

294. Sulphurous Acid Gas is highly injurious to plants. It pro- 
4 duces greyish-yellow dry-looking spots on the leaves, which gradually 

extend until the leaves are destroyed and fall. The effect resembles 
much the ordinary decay of the leaves in autumn. The proportion of 
gas, in some experiments, was only 1 in 9,000 or 10,000 parts of air, 
and the quantity £ of a cubic inch; and yet the whole unfolded leaves 
of a mignionette plant were destroyed in forty-eight hours. Tins pro- 
portion of the gas is hardly or not at all discoverable by the smell. 

295. Ulurlatic Acid Gas produced effects similar and scarcely inferior 
to those of the last-mentioned gas. When J of an inch was diluted 
with 10,000 pails of air, it acted destructively on Laburnum and 
Larch, destroying the whole vegetation in less than two days. Even 
when in quantity not perceptible by the smell, it still acts as an irritant 
poison. 

296. Sulphuretted Hydrogen acted in a different way from the acid 
gases. The latter attacked the leaves at the tips first, and gradually 
extended their operation to the leaf-stalks. When in considerable pro- 
portion, their effects b an in a few minutes; and, if’ diluted, the parts 
not attacked generally survived if the plants were removed into the 
air. But in the case of sulphuretted hydrogen, the leaves, with- 
out being injured in texture or colour, became flaccid and droop- 
ing, and the plant did not recover when removed into the air. It 
required a larger quantity of this gas to produce the effects stated. 
When six inches were added to sixty times their volume of air, the 
drooping began in ten hours. This gas then acts like a narcotic 
poison, by destroying vegetable life tliroughout the whole plant at 
once, 

* Bee Edinburgh Medical and Surgical Journal, vol. xxviii. p. S56. 
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297. These observations point out the great injury which is caused 
to plants by the gases given off during the combustion of coal, and 
more especially by certain chemical works. In the vicinity of the 
latter, the vegetation, for a considerable distance around, is often 
destroyed, particularly in the direction of the prevailing winds of the 
locality. Tire atmosphere of large manufacturing towns, in which 
fuliginous matter and sulphurous gases abound, is peculiarly hurt- 
ful to vegetable life. In order to protect plants from such prejudicial 
influences, Mr. N. B. Ward has invented close glass Cases, in which 
plants can be made to grow independently of the noxious atmosphere 
around.* These Cases consist of a trough containing soil, and a frame 
of glass, which is accurately fitted upon it. The soil is well supplied 
with water at first, and after the plants are put in they are kept exposed 
to the light. In these circumstances, they will continue to thrive for 
a long time, even for years, without any fresh supply of moisture or 
any direct exposure to the air. They are peculiarly fitted for rooms 
where the dryness of the atmosphere interferes with the vigour of 
plants, by causing greater exhalation than can be compensated by 
the absolution of moisture by the roots. Some tribes of plants, as 
Ferns, requiring a humid atmosphere, thrive well in such Cases. The 
windows of houses may be converted by this means into conservatories. 
Those who wish to see the effects thus produced, ought to visit Mr 
Ward’s house, in Wellclose square, London. Notliing can exceed 
the beauty and luxuriance of his Ferns. 

298. But it is not merely as matters of luxury and curiosity that 
these Cases deserve notice. They serve as a most important means of 
transporting plants, in a living state, to and from foreign climates; and 
they are in constant use for that purpose. Plants have thus been brought 
to this country which could not have retained their vitality in the form 
of seed, and which would have been destroyed by exposure to the 
sea-breeze and to the vicissitudes of climate experienced during their 
transport. The stillness of the atmosphere in the Case contributes 
materially to prevent injurious consequences. In June 1833, Mr 
Ward filled two Cases with Ferns, Grasses, &c., and sent them to 
Sydney, where they arrived in January 1834. The plants were 
taken out in good condition, and the Cases were refilled at Sydney, 
in February 1834, the thermometer then being between 90° and 
100° Fahrenheit. In their passage to England, they encountered 
very varying temperatures. The thermometer fell to 20° on round- 
ing Cape Horn, and the decks were covered a foot with snow. In 
crossing the line, the thermometer rose to 120°, and fell to 40° on 
their arrival in the British channel in the beginning of November, 
eight months after they had been enclosed. The plants were not once 


Set) Ward on the growth of plants in closed Cases. 
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watered during the voyage, and received no protection by day or by 
night, but were taken out at Loddiges in a most healthy and vigorous 
condition. 

299. It is a mistake to suppose that the air in the Cases is not 
changed. Tiny are not hermetically sealed; and by the law of diffusion 
of gases there is a constant although gradual mixture of the external 
air, free however from many impurities, with that inside. Plants 
will continue to grow for a long time, even in Cases hermetically 
sealed, if supplied at first with abundance of good soil and water. By 
the united action of the plant and light, the air undergoes constant 
changes, and thus continues fit for vegetable life. 

4. — Products and Secretions of Plants. 

300. The sap, in its progress through the cells and vessels, and espe- 
cially in its passage through the leaves, is converted into organizable 
products, from which the vegetable tissues and the secretions contained 
in them are elaborated. Light, by enabling plants to fix carbon, has 
an important influence over these secretions. When plants are kept 
in darkness they become etiolated or blanched, and do not form their 
proper secretions. Gardeners resort to the practice of blanching when 
they wish to diminish or destroy certain secretions, and to render 
plants fit for food. In speaking of the contents of cells and vessels, 
allusion has already been made to some of the more important 
organizable products. It is proposed in this place to take a gen end 
view of those vegetable secretions which are connected with the 
nutrition of plants, or which are important on account of their medical 
or commercial uses. Some of these occur in small quantity, and 
are limited to certain plants only; others are abundant, and more 
universal hi their distribution. Tlius, while quinine and morphine, the 
active ingredients of Peruvian bark and opium, are circumscribed, 
both as regards quantity and distribution, starch, gum, sugar, woody 
matter, and certain nitrogenous compounds arc more abundant, and 
more generally diffused over the vegetable kingdom. The latter 
substances therefore demand especial attention. If a plant is mace- 
rated in water, and all its soluble parts removed, lignine or woody 
fibre is left, and the water in which it has been macerated, gradually 
deposits starch. If the liquid is boiled, a scum coagulates, formed of 
albumen and some azotised matters, while gum and sugar remain in 
solution. 

301. Starch is a general product, being laid up as a store of nourish- 
ment, and undergoing changes at certain periods of a plant’s life, which 
fit it for further uses in the economy of vegetation. It is not found in 
animal cells. It consists of C 12 H 10 O 10 , and occurs in the form of 
grains of various sizes and forms, having an external membrane, en- 
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closing a soluble substance. By boiling in water, the pellicle bursts, 
and the contents are dissolved, becoming gelatinous on cooling. The 
circular markings and striae seen on the grains, and the part called the 
liilum, have already been noticed (If 17). Some plants, such as 
potato, arrow-root, and wheat, contain a large quantity of starch, 
winch varies however in quantity according to the period of growth. 
Thus, while starch abounds towards the latter part of the season in the 
potato, it decreases when the tubers begin to germinate in spring. 
It was found that 240 lbs. of potatoes, left in the ground, contained 
of starch : — 


In August, 

.. 23 to 25 lbs., or <>*G to 1(H 

44 September,... 

.. 32 44 38 

4 ‘ 44 13-3 44 

16 

44 October....... 

.. 32 “ 40 

44 44 1 3 -3 44 

l(i-0 

41 November, .. 

.. 38 44 45 

44 44 10 44 

18*7 

44 April, 

.. 38 44 28 

44 44 16 44 

IPG 

44 May 

28 44 20 

44 44 1 1*6 44 

8*3 


The quantity of starch remained the same during the dormant state 
in winter, but decreased whenever the plant began to grow, and to 
require a supply of nourishment. 

802. Starch is stored up in many seeds. It exists in roots, especially 
those which are fleshy; in stems; in the receptacles of flowers; and in 
pulpy fruits. The seed-lobes of the Bean and Pea, and many other 
leguminous plants ; the roots and the under-ground stem of Maranta 
anmdinacea or Arrow-root, and of Canna coccinea or Tous-les-mois; 
the stem of the 8a go Palm (Sagus Humph ii and farinifera), and of the 
(yeas tribe ; the receptacle of the artichoke, and the pulp of the apple, 
are familiar instances of parts in which starch abounds. The grains 
of potato-starch are pearly or sparkling in their appearance, of large 
size, having one or more hila, and often cracks on the surface. Those 
of arrow-root are dull, white, and small, while those of Tous les mois, 
present a glistening appearance like potato-starch, and are larger. 
In some cases, starch is associated with poisonous or acrid juices, as 
in Jatropha Manihot, which yields Cassava and Tapioca, and in Arum 
maculatum, the under-ground stem of which furnishes Portland sago. 
Inuline is a substance analogous to starch, found in the roots and 
tubers of Inula Ilelenium (Elecampane), Dahlia variabilis, and Helian- 
thus tuberosus (Jerusalem artichoke); while Lichenin is a variety of 
starch occurring in Cetraria islandica (Iceland moss). Lichenin or 
lichen starch consists of C 12 II 10 O 10 , and is deposited in the primary 
cell-wall of the plant, in the form of' an incrusting layer. By the 
fiction of malt or of sulphuric acid upon starch, or by long boiling 
in water, a gummy matter is produced called dextrin* or soluble starch 
composed of C 12 H 10 O 10 . Some consider this to be the substance 

* Dextrin is bo called from possessing tlie property of effecting the right-handed rotation of 
the plane of polarisation of a ray of light 
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contained in the interior of the starch grains. When dried, it con- 
stitutes British gum. It is one of the steps in the process of the 
conversion of starch into sugar. 

303. Gum is one of the substances which are produced abundantly 
in the vegetable kingdom. Its composition is C 12 H 11 O 11 , the same 
as that of Cane-sugar. It exists in many seeds, exudes from the 
stems and twigs of many trees, and is contained in the juices of others 
from which it does not exude. It is one of the forms through which 
organic matter passes during the growth of plants. The different 
kinds of gums have been divided into those which are soluble in cold 
water (Arabine, mucilage), and those which only swell up into a gela- 
tinous matter (Bassorine or Tragacanth, Cerasine and Pectine). Ara- 
bine is familiarly known by the name of gum-arabic or gum-senegal, 
and is the produce of various species of Acacia, cliiefly natives of Arabia, 
Egypt, Nubia, and Senegambia, such as Acacia Ehrenbergii, tortilis, 
Seyal, arabica, vera, and albida. From the bark of these plants it 
exudes in the form of a thick juice, which afterwards concretes into tears. 
Old stunted trees, in hot and dry seasons, yield the most gum. Arabine 
exists with cerasine in the gum of the Cherry and Plum. Mucilage is 
present in many of the Mallow tribe, as Malva sylvestris, Althaea 
officinalis or marsh mallow, and in Linseed. In Sphaerococcus crispus, 
mucilage is present, of which the formula is C 24 H 19 O 19 . Bassorine 
forms the chief part of gum-tragacanth, the produce of several species 
of Astragalus, and of gnm-bassora. It exists in Salop, procured from 
the tubercules of Orchis mascula. Cerasine is that part of the gum of 
the Cherry (Cerasus), Plum, and Almond trees, which is insoluble in 
cold water. Pectine is a substance procured from pulpy fruits, as 
the apple and pear. It forms a jelly with water, and when dried, resem- 
bles gum or isinglass. It is changed by alkalies into pectic acid, 
which is found in many fruits and esculent roots. 

304. Sugar. — This substance which forms an important article of 
diet, exists in many species of plants. Sugars have been divided into 
those which undergo vinous fermentation, as Cane and Grape sugar, 
and those which are not fermentescible as Mannite. Cane sugar , C 12 H 9 
O 9 2 HO, is procured from Saccharum officinarum (sugar-cane), 
Beta vulgaris (beet-root), Acer saccharinum (sugar-maple), and many 
other plants. It has been conjectured that the Calamus or sweet 
cane mentioned in the Old Testament, may be the sugar cane. At 
all events, the plant was known as early as the commencement of the 
Christian era. In the East and West Indies, at the present time, 
numerous varieties of cane arc cultivated, such as Country cane, Ribbon 
cane, Bourbon cane, Yiolet or Batavian cane, which are distinguished 
by their size, form, the position and colour of their joints, their 
foliage, and their glumes. Bourbon cane is richest in saccharine 
matter. Canes demand a fertile soil, and for their perfect maturation 
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they require from twelve to fourteen months. Those which are 
grown from planted slips, are plant-canes , those which sprout up from 
the old stems, are rattoons. After being cut, the canes are crushed 
(the pressed canes being called begass ), the saccharine juice is ex- 
tracted, evaporated, and crystallized, as Raw or Muscovado sugar, 
which is afterwards refined in vacuo, so as to form loaf sugar. 

305. In 1844, the gross amount of sugar entered for consumption in 
the United Kingdom was 4,139,994 cwt. The quantity of sugar pro- 
duced from the sugar cane in different parts of the world, in 1839, 
has been thus estimated : — 


British Sugar Colonies 3,571,378 cwt. 

British India. 519,126 — 

Danish West Indies 450,000 — 

Dutch West Indies 260,000 — 

French Sugar Colonies 2,160,000 — 

United States of America. 900,000 — 

Brazil 2,400,000 — 

Java 4,481,342 — 


306. Maple sugar is much used in America. It is procured from 
the sugar maple by making perforations in the stem, and allowing the 
sweet sap to flow out. Two or three holes, at the height of eighteen 
or twenty inches from the ground, are said to be sufficient for an 
ordinary tree. The season of collecting is from the beginning of Feb- 
ruary to the middle of April. Beet sugar is the produce of the root 
of Beta vulgaris, and is extensively manufactured in many parts of the 
continent. In the year 1841, there were 142,518 acres in France 
planted with beet-root for sugar, and the quantity of sugar produced 
was 31,621,923 cwt. Manna sugar , or Mannite , differs from the others 
in not being fermentescible. Its composition is, C 6 II 7 (X It is the 
chief ingredient of Manna, which exudes from the Ornus europaea and 
rotundifolia. From Sicily and Calabria it is exported under the name 
of flake-manna. Mannite Is found in the juices of Mushroom, in Celery, 
and in Laminaria saccharina, and Eucalyptus mannifera. Dr. Sten- 
house has determined the quantity of Mannite in some sea-wceds as 
follows : — 

Laminaria saccharina 12 to 15 per cent, of Mannite. 

Halydris siiiquosa, 5 to 6 per cent. — 

Laminaria digitata..... 4 to 5 per cent. — 

Fucus serratus rather less — 

Alarm esculcnta about the same — 

Rhodomenia palmata. 2 to 3 per cent. — 

Fucus vesiculosus 1 to 2 per cent. — 

Fucus nodosus nearly same — 

Knop and Schnederman have detected Mannite in Agaricus piperatus, 
and other chemists have found it in Cantharellus esculentus, and 
Clavellaria coralloides. 
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807. Grape sugar , called also Starch sugar, or Glucose, is composed 
of C 12 H 14 O 14 . It occurs in the juices of many plants, and is a pro- 
duct of the metamorphoses of starch, cane sugar, and woody fibre. It 
may be extracted from dried grapes, and may be prepared from starch 
by the action of an infusion of malt, or of a substance called Diastase 
ff 310). It is less soluble and less sweet than cane-sugar. It gives 
sweetness to gooseberries, currants, apples, pears, plums, apricots, and 
most other fruits. It is also the sweet substance of the chestnut, of 
the brewer s wort, and of all fermented liquors. 

308. Lignine is the substance which gives hardness and solidity to 
the cells and vessels of plants. It exists abundantly in woody fibre, 
which may be said to be composed of cellulose forming the parietes, 
and lignine forming the incrusting matter in the interior or the Sclero- 
gen of Payen. The latter dissolves in strong nitric acid, forming oxalic 
acid, while the former is left un dissolved. Lignine is said to be com- 
posed of C 35 If 24 O 20 . According to Mulder, the formula fur the lig- 
neous matter of ordinary wood is O 40 H 28 O 26 . When a portion of the 
stem of a herbaceous plant, or of newly cut wood, is reduced to small 
pieces and boiled in successive portions of water, alcohol, ether, diluted 
acids and alkalies, until everything soluble in these menstrua is re- 
moved, a white fibrous mass remains, to which the name of woody 
fibre is given. It varies slightly in its composition in different trees, 
thus : — 



Oak. 

Beech. 

Pine. 

Willow. 

Carbon 


... 5145 ... 

... 50* 

.... 49*8 

Hydrogen 

5.G9 ... 

... 5*82 ... 

... 5*55 .. 

.... 5*58 

Oxygen 

41-78 ... 

... 42*73 ... 

... 44*45 

.... 44*02 


Iron wood contains 53*44 per cent, of carbon. 


This woody fibre exists in linen and paper; and these substances, when 
subjected to the action of snip] nine acid, are converted into grape 
sugar. Lignine gives support to the vegetable texture, and is often 
deposited in concentric layers. It occurs in large quantity in the 
wood of trees, and is also present in the stem of herbaceous plants. 
In some cellular plants it is absent, and the object of many horticul- 
tural operations, as blanching, is to prevent its formation. Beet-root 
and white turnips contains only 3 per cent. 

309. All these organic substances, consisting of carbon united with 
the elements of water, are easily convertible into each other by the 
action of sulphuric acid and heat. Similar changes are induced during 
the growth and development of plants, as will be noticed under the 
head of flowering, fruiting, and germination. In many unazotised 
matters the proportion of the elements is the same, or they are 
isomeric . Thus, cellulose and starch have the same composition, and 
the difference in their qualities seems to depend on the mode in which 
the elements are united. Their form is altered by a change in the 
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molecular arrangement. The unazotised products which have been 
noticed, supply carbon for the respiration of man and animals, and 
probably assist in the formation of fat. It is impossible to notice all 
the compounds of carbon, oxygen, and hydrogen, found in plants. 
Some of these exist in small quantity in particular plants. For exam- 
ple, Salicine, a bitter neutral crystalline substance, is procured from 
the bark of Salix alba, Helix, purpurea, viminalis, pentandra, <fcc. ; and 
Phloridzine, an analogous substance, occurs in the bark of the roots of 
the apple, pear, and plum. 

310. Azotised Products* — There are certain azotised products which 
exist in greater or less quantity in plants, and which are particularly 
abundant in grains and seeds. The nutritive matter of wheat consists 
of starch or unazotised matter, separable by washing, and of azotised 
matter or gluten. Gluten is composed of certain proteine compounds 
(Fibrine, Caseine, Albumen, Emulsine), containing carbon, oxygen, 
hydrogen, and nitrogen, with some phosphorus and sulphur. Vegetable 
fibrine is the essential part of the gluten of wheat, and of the cereal 
grains. It may be procured by treating with ether the glutinous mass left 
after kneading wheat Hour in linen bags under water. Vegetable caseine 
or legumine is an essential part of the seeds of Leguminous plants, and 
also of oily seeds. It may be procured in solution from kidney beans 
and peas, by bruising them in a mortar with cold water, and straining. 
Vegetable albumen occurs in a soluble form associated with caseine. It 
forms a small proportion of cereal grains. Wheat is said to contain 
S to 1 i per cent. ; Rye, 2 to 3 J per cent. ; Barley, T V to $ per cent. ; 
and Oats, l to 4 per cent. It is distinguished by its coagulation at 
a temperature of 140^ to 100 p , and by not being precipitated by 
acetic acid. These three compounds dissolve in a solution of caustic 
potash; and if to the solution acetic acid is added, the same precipitate 
is obtained whichever of the three is employed. This precipitate is 
called Proteine (Vgwrsiw, to have the first place). Its formula is C 48 
H 36 N 6 O 14 . Fibrine is proteine + S. + Ph. Albumen is proteine + 
S 2 + Ph. Caseine is proteine +* S. Emulsine , or synaptase , is a nitro- 
genous compound found in certain oily seeds, as in almonds. It 
exists in the milky emulsion which these seeds form in water, and it is 
coagulated by acetic acid, and by heat. In bitter almonds, it is 
associated with a substance called amygdaline , on which it acts in a 
peculiar manner, producing hydrocyanic acid. Diastase is an azotised 
substance procured from malt, and developed during the germination 
of plants. It is probably fibrine in an altered state, and it has the power 
of promoting the conversion of starch into sugar. 

311. The azotised products of plants have a similar composition 
with blood and muscular fibre, and hence their value in the food ol‘ 
Buin and animals. The following table gives a general view of* the 

K 
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quantity of azotised and unazotised matters occurring in certain plants, 
with the amount of water and inorganic matter : — 



Water. 

16 ... 

Azotisod 

matter. 

29 .. 

Carbonaceous 

matter. 

....... 52 

Ashes. 
.... 3 

Beans 

14 ... 

31 .. 

52 

.... 3 

Lentils 


33 .. 

48 

.... 3 

Oats 

18 ... 

11 .. 

68 

.... 3 

Barley 

16 ... 

14 .. 

69 

.... 2 

Potatoes 

72 ... 

2 .. 

25 

.... 1 

Turnips 

89 ... 

1 .. 

9 

... 1 


312. The following arrangement is given by Fromberg of the com- 
parative value of various plants as articles of food, taking into account 
the protcine compounds, and the starch, gum, and saccharine matter 
which they contain, the highest value being 100 : — 


Beans 

.100 

Bye 


Peas 

80 

Barley 

50 

Oats 


Potatoes 

45 

Wheat 

70 

Rice 

35 

Maize... 

GO 




313. As regards the produce of different crops per acre, Johnston 
gives the following estimate of the nutritive products which they 
yield 

Average produce per No. of lbs. of true 

am* of tubers and nutriment in pro- 

grain. duce of an acre. 


Beet, Mangel-wurzel, and Turnip. 

Beans 

Potatoes 

Peas 

Barley 

Jerusalem Artichokes 

Wheat 

Oats 


30 tons 

.30 bushels, or 1980 lbs., 

. 8 tons 

.20 bushels, or 1160 lbs., 
.36 bushels, or 1872 lbs.. 

.10 tons 

.25 bushels, or 1500 lbs., 
.30 bushels, or 1200 lbs. 


,672 lbs. 
,594 — 
.358 — 
,348 — 
.243 — 
.224 — 
.180 — 
,132 — 


314. ilxed Oils arc found in the cells and intercellular spaces of 
the fruit, leaves, and other parts. Some of these are drying oils, as 
Linseed oil, from Linum usitatissimum ; others are fat oils, as that from 
Olives (fruit of Olea europsca); while others are solid, as Palm oil. 
The solid oils or fats procured from plants, are Butter of Cacao, from 
Theobroma Cacao ; of Cinnamon, from Cinnamomun zeylanicum ; of 
Nutmeg, from Myristica moschata ; of Coco-nut, from Cocos nucifera ; 
of Laurel, from Lauras nobilis ; Palm oil, from Elais guineensis ; Shea 
butter, from Bassia Parkii; Galam butter, from Bassia bulyracea; 
and Vegetable tallow, from Stillingia sebifera in China, from Vateria 
indiea in India, and from Pentadesma butyracea in Sierra Leone. 
These oils contain a large amount of stearine, and are used as substi- 
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tutes for fat. Castor oil, from the seeds of Ricinus communis, differs 
from other fixed oils in its composition. 

315. De Candolle gives the following table to show the quantity of 
oils got from seeds : — 


Hazel-nut 

. . . .60 per cent, in weight. Tobacco 


Garden Cress 

....57 — 

— Plum 

33 — 

— 

Olive 

....50 — 

— Woad.. 

30 — 

— 

Walnut 

....50 — 

— Hemp 

25 — 

— 

Poppy 

....48 — 

— Flax 

22 — 

— 

Almond 

....46 — 

— Sunflower 

......15 — 

— 

Euphorbia Lathyris...41 — 

— Buckwheat 

14 — 

— 

Colza 

....30 — 

— Grapes 

12 


White Mustard.... 

....36 — 

— 




31 G. Vegetable Wax is a peculiar fatty matter sometimes found in 
the stem and fruit of plants. It is procured from several species of 
Palms, as Ceroxylon andicola, and Corypha cerifera, and from the 
fruit of Myrica cerifera or candle-berry myrtle, and Myrica cordifolia. 
Waxy matter also occurs on the exterior of fruits, giving rise to the 
hloom of grapes, plums, &c., on the outer surface of the bracts of Musa 
paradisiaca, and on the leaves of many species of Encephalartos. In 
Cork there exists a latt.y body which, when acted upon by nitric acid, 
yields sxiberic acid. Clilorophylle, or the green colouring matter of 
leaves, is allied to wax in its nature, being soluble in ether and alcohol, 
but insoluble in water. 

317. Volatile or Essential Oils occur in the stem, leaves, flowers, 
and fruit of many odoriferous plants, and are procured by distillation 
along with water. They are called essences , and contain the concen- 
trated odour of the plant. They usually exist ready-formed, but 
occasionally they are formed by a kind of fomentation, as oil of bitter 
almonds, and oil of mustard. Some of them consist of carbon and 
hydrogen only, as oil of turpentine, procured from various species of 
Pinus and Abies; oil of juniper, from Juniperus communis; oil of 
Savin, from Juniperus Sabina ; oil of lemons and oranges, from the 
rind of the fruit ; and oil of neroli, from orange flowers. A second 
set contain oxygen in addition, as oil of cinnamon, from Cinnamo- 
mum zeylanicum; otto or attar of roses, from various species of 
Rose, especially Rosa centifblia; oil of peppermint, from Mentha 
viridis; oil of caraway, from Caruiu carui; oil of cloves, from Caryo- 
phyllus aromaticus. Oils of this kind are procured from many Labiatae, 
as species of Lavandula, Origanum, Rosmarinus, Thymus ; and from 
the fruit of Umbelliferic, as species of Anethum, Foeniculum, Corian- 
drum, Cuminum, Petroselinum, Pimpinella; and from some Composite, 
as species of Anthemis, Pyre thrum, and Artemisia. A tliird set have 
also sulphur in their composition, and have a peculiar pungent, often 
alliaceous smell, with an acrid burning taste, as oil of garlic, and of 
onion, procured from the bulbs of Allium sativum and Cepa ; oil of 
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assafoetida, from Narthex Assafoetida; and oil of mustard, which is ob- 
tained from the seeds of Sinapis nigra, by a kind of fermentation 
induced by the action of a nitrogenous body, myrosine, on a substance 
called myronic acid, or myronate of potash, when macerated in water. 
A similar oil exists in many Cruciferse, as in Erysimum AUiaria, 
Armoracia rusticana, and Cochlearia officinalis, and in several Umbel- 
lifers?, yielding gum-resin, as Opoponax, Ferula, Galbanum, &c. Many 
of the essential oils deposit a solid crystalline matter, called Stcarop- 
tene, allied to camphor . This latter substance, which consists of carbon, 
oxygen, and hydrogen, is procured from Camphora officinarum, a 
native of Japan and India. There is also another kind of camphor, 
produced in Borneo, by Dryobalanops Camphora. 

318. Resinous Products. — The milky and coloured juices of plants 
contain frequently resins mixed with volatile oils, in the form of 
balsams, besides a quantity of caoutchouc. Tim resinous substances 
found in plants, are either fluid or solid. The former may be illus- 
trated by Balsam of Tolu, procured from Myrospermum toluiferum ; 
Balsam of Peru, from Myrospermum peruiferum ; Balsam of Copaiva, 
from various species of Copaifera, especially Copaifera officinalis ; 
Carpathian Balsam, from Pinus Pinea ; Htrasburg turpentine, from 
Abies pectinata, or silver fir ; Bourdeaux turpentine, from Pinus pin- 
aster; Canada Balsam, from Abies balsamea, or Balm of Gilead fir ; 
Chian turpentine, from Pistacia Terebintlms, &c. The latter may be 
illustrated by common resin or Colophony, and Burgundy pitch, from 
Pinus sylvestris ; Mastich, from Pistacia Lentiscus ; Sandarach, from 
Callitris quadrivalvis ; Elemi, from several species of Amyris ; Guaiac, 
from Guaiacum officinale ; Dragon’s-blood, from Dracaena Draco, and 
Calamus Draco ; Dammar, from Dammara australis and orientalis ; 
Labdanum, from Cistus creticus, and others ; Tacainahaea, from Calo- 
phyllum Cadaba, and from Elaphrium tomentosum ; Resin of Jalap, 
from Exogonium Purga; Storax, from Styrax officinale ; Benzoin, 
from Styrax Benzoin; Copal, from Valeria indica, &c. ; Lac, from 
various species of Ficus, as Ficus indica, and benghalensis, after attacks 
of Cocci, and from Aleurites laccifera, and Ery thrina monosperma ; Eu- 
phorbium, from Euphorbia officinarum, antiquorum, and canariensis. 

319. Caoutchouc is in some respects analogous to essential oils. It 
is found associated with them and resinous matters, in the milky juice 
of plants. It is procured from various species of Ficus, as Ficus 
elastica, Radula, elliptica, and prinoides, from Urceola elastica, Siphonia 
elastica, and Vahea gummifera, by wounding the plants. A kind of 
caoutchouc, called gutta percha , imported from Singapore and Borneo, 
is procured from Isonandra Gutta, one of the Sapotaeeae. The milky 
juice of many plants, as of Euphorbiacese, Asclepiadacea?, Apocynacese, 
Arfcocarpaceae, and Papayacea?, contain caoutchouc or gum elastic. 
Some of these coloured juices are bland, as that produced by the Cow- 
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tree (Galactodendron utile) ; others are narcotic, as those of Poppy 
and Chelidonium ; others are purgative, as Gamboge ; others diuretic, 
as Taraxacum. 

320. Organic Acids are produced by processes going on in living 
plants, and exist in vegetable juices combined often with peculiar 
bases and alkaloids. Thus, Citric acid occurs in the fruit of the orange, 
lemon, lime, red currant, &c. ; Tartaric acid, in the juice of the grape, 
and in combination with potash in tamarinds; Malic acid, in the fruit 
of the apple, gooseberry, mountain ash ; Tannic acid or Tannine, in 
oak bark and nut-galls ; Gallic acid, in the seeds of Mango ; Meconic 
acid, in the juice of Papaver somnifermn ; Kinic acid, in the bark of 
various species of Cinchona. Besides these, there are numerous others, 
which are characteristic of certain species or genera. To these may 
be added Hydrocyanic acid, as found in Primus Laurocerasus, <fcc., 
and Oxalic acid, which exists in combination with potash in Rumex 
acetosa, and Acetosella, Oxyria reniformis, Oxalis Acetosella, in the 
fluid in the pitcher of Nepenthes distillatoria; and in combination with 
lime in Rhubarb, and many species of Farmclia and Variolaria. 

321. Alkaloids or Organic bases are azotised compounds found in 
living plants, and generally containing their active principles. They 
occur usually in combination with organic acids. Quinine and Cincho- 
nine exist in the bark of Cinchona, the former predominating in yellow 
bark, the latter in pale bark ; Morphine, Narcotine, Codeine, Thebaine, 
and Narceine, occur in the juice of Papaver somniferum ; Solanine is 
an alkaloid found in many species of Solanum, as Solanum tuberosum, 
nigrum, and Dulcamara; Yeratrine exists in Veratrum Sabadilla and 
album; Aconitine in Aconitum Napellus; Strychnine in Strychnos 
Nux- vomica, Sancti Ignatii, Colubrina and Tieute; Brucine also in 
Nux-vomica, or False Angustura bark; Atropine in Atropa Bella- 
donna; Bebeerine in Nectandra Rodiei; Piperine in Piper longum 
and nigrum; Emetine in Cephaelis Ipecucuanha; Caffeine (Theme 
and Guaranine) in Coflea arabica, Thea Bohea and viridis, Paullinia 
sorbilis, and Ilex paraguayensis ; Theobromine in the seeds of Theo- 
broma Cacao or chocolate ; besides numerous others of less import- 
ance. These Alkaloids are often found in plants having poisonous 
properties. 

322. Colouring matters are furnished by many plants, either directly 
or by a process of fermentation. Yellow colouring matters are pro- 
cured from the roots of Curcuma longa or Turmeric, from the pulp 
surrounding the seeds of Bixa orellana (amotto), from stem of the 
Gamboge plant (Hebradendron Cambogioides), and various species of 
Garcinia, as Gareinia Cambogia and elliptica, from the flowers of Cartha- 
nius tinctorius (safflower), from the stigmata of Crocus sativus (saffron), 
from a kind of Mulberry (Morus tinctoria), from Reseda Luteola (woad), 
and from some Lichens, as Parmelia parietina (parietin or chryso- 
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phanic acid). Red colouring matters are procured from the root of 
Anchusa tinctoria (alkanet), from Pterocarpus santalinus, Dracama 
Draco (Dragon’s-blood), tlie root of Rubia tinctorum or madder (aliza- 
rine), the root of Morinda citrifolia (Sooranjee), Hsematoxylon campe- 
chianum (logwood), Cassalpinia braziliana (Brazil wood), from Cam- 
wood, also from Garth amus tinctorius (Carthamine), and from some 
Lichens, as Roceella tinctoria (Arcliil and Litmus). Blue colouring 
matters are furnished by the flowers and fruits of many plants, and 
from the leaves of some, by chemical action. Indigo , a most valuable 
dye, is procured by fermentation from various species of Indigofera, as 
Indigofera tinctoria, Anil, coerulea and argentea, as well as from 
Wrightia tinctoria, Marsdenia tinctoria, Nerium tinctorium, and Gym- 
nema tingens, &c. The plants in full flower are cut and put into vats 
with water, fermentation takes place, and a peculiar substance is formed, 
which, by absorption of oxygen, becomes blue. The best and the 
largest quantity of Indigo is produced in the Delta of the Ganges. 
Several Lichens yield nitrogenous colouring matters, which give blue 
and purple colours with alkalies, &c. Lecanora tartarea yields Cud- 
bear. 


SECTION III.— ORGANS OF REPRODUCTION. 

Structure, Arrangement, and Functions, 

823. The reproductive organs consist of the flower and its appen- 
dages, the essential parts being the stamens and pistil. Wien the 
flower, or at least the essential organs, are conspicuous, the plants are 
called Phanerogamous (tpavegbg, conspicuous, and ya/xoc, union or mar- 
riage), or Flowering plants ; when they are inconspicuous, the plants 
are Cryptogamous (xgutrrog, concealed, and ydfiog, union or marriage), 
or Flowerless plants. The former include Exogens and Endogens, the 
latter Acrogens and Cellular plants. On careful examination, it will be 
found that the organs of reproduction and nutrition are modifications 
of each other. The parts of the flower, as regards their development, 
structure, and arrangement, may all be referred to the leaf as a type. 
They commence like leaves in cellular projections, in which fibro- vas- 
cular tissue is ultimately formed ; they are arranged in a more or less 
spiral manner, and they are often partially or entirely converted into 
leaves. 


I. — INFLORESCENCE , OR THE ARRANGEMENT OF THE FLOWERS ON THE AXIS. 

324, The arrangement of the flowers on the axis, or the ramification 
of the floral axis, is called Inflorescence or Anthotaxis (uv&og, a flower, 
and rafyg, order). Flower-buds, like leaf-buds, are produced in the axil 
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of leaves, which are called floral leaves or bracts. A flower-bud has 
not in ordinary circumstances any power of extension by the develop- 
ment of its central cellular portion. 

In this respect it differs from a leaf- 
bud. In some cases, however, of 
monstrosity, especially seen in the A 

Kose (fig. 226) and Geum, the cen- 1| f 

tral part, A, is prolonged, and bears it 0 

leaves or flowers. In such cases the F- Jhx v) 

flowers are usually abortive, the 
essential organs being so altered as 

to unfit them for their functions. ( *) 

Such metamorphoses confirm Goe- 

tlie’s doctrine, that all the parts ot 

the flower are altered leaves. 

325. The general axis of infior- 

escence, is sometimes called r acids ** 

Q a X f $i ^ 1C spine); the stalk sup- t /)$>? 
porting a flower, or a cluster of {$$/{' Jr%l 

flowers, is a peduncle ( pes , a foot) * [/ [' j V\\ 

(fig. 231 a); and if small branches ^ j /] / V/ 

are given off by it, they are called f/y^f 

pedicels (fig. 231 «"). A flower I l/yfo 

having a stalk is called pedunculate ( / v 

ox pedicellate {^\g. 231); one having 

no stalk is sessile (fig. 237). In W 

describing a branching inflorescence, 226 

it is common to speak of the Eachis as the primary floral axis, its 

branches as the secondary floral axes, their divisions as the tertianj floral 

axes, and so on ; thus avoiding any confusion that might arise from 

the use of the terms rachis , peduncle , and pedicel. jRk 

326. The Peduncle assumes various forms. It is F , m 

cylindrical, compressed, and grooved ; simple, bear- S 

ing a single flower, as in Primrose; and branched, 

as in London-pride. It is sometimes large and sue- 
culent, as in the Cashew (fig. 227 p\ in which the Jjr f %s$m 

peduncle forms the large coloured expansion sup- ffll > fimm 

porting the nut ; spiral, as in Cyclamen and Vallis- iMB 

neria (fig, 228); spiny, as in Alyssum spinosum. it Mmy 
Sometimes the floral axis is shortened, assuming a 1^^ 

flattened, convex, or concave fonn, and bearing 227 


Fig. 220. — Proliferous or monstrous Rose, showing the prolongation of the axis bovond tin 
flowers, c, Calyx transfonned into leaves, p, Petals multiplied at the expense of the stamens, 
which are reduced in number. /, Coloured leaves representing abortive carpels, «, Axis pro- 
'“.,A beailng an imperfect flower at its apex. . , , 

Fig. 227,— Fruit of Cashew (Anaoardium occukntdle). & Enlarged peduncle, a, t rmt or nut. 
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numerous flowers, as in the Artichoke, Daisy, and Fig. In these cases 
it is called a Receptacle or Phoranthmm (pogeu, to bear, and avkg, 
flower), or Clinanthium (xXlvq, a bed, and avtio £, flower). 

327. The Floral axis sometimes assumes a leaf-like or phylloid (puXXov, 
a leaf, and eidog, form) appearance, bearing numerous flowers at its 
margin, as in Xylophylla longifolia (fig. 229), and in Ruscus; or it 
appears as if formed by several peduncles united together so as to be- 
come a fasciatcd axis, as in the Cockscomb (fig. 230), in which the 

flowers form a pecu- 
liar crest at the apex 
of the flattened pe- 
duncles. Adhesions 
take place between 
the peduncle and the 
bracts or leaves of 
the plant, as in the 
Lime tree,Helwingia, 
Chailletia, several 
species of Hibiscus, 
and in Zostera. The 
adhesion of the pe- 
duncles to the stem 
accounts for the 
extra-axillary posi- 
tion of flowers, as in 
many Solanaeea? ; 
when this union ex- 
tends for a consider- 
able length along the 
stem, several leaves 
may be interposed 
between the part 
where the peduncle 
becomes free, and the 
leaf whence it origi- 
nated, and it may be 
difficult to trace the 
connection. 

328. The peduncle occasionally becomes abortive, and, in place of 
1>earmg a flower, is transformed into a tendril (f 201) ; at other times 

Fig. 228.— Fistilliferous plant of Vallisneria Bpiralis, showing spiral peduncles or flower- 
stalks, toy the uncoiling of which the flowers reach the surface of the water previous to fertili- 

Fig. 229.— Leaf-like (pkylbid) flattened peduncle, r, of Xylophylla longifolia. / ff } Clusters 
of flowers developed in a centrifugal or cymoso manner. 

Fig. 280. — Upper part of flattened or fasdated flowering stem of Celosia cristata (CoeJc»coml\ 
haring the form of a crest, covered with pointed bracts, and supporting flowers on its summit. 
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it is hollowed at the apex, so as apparently to form the lower part of 
the outer floral envelope, as in Eschscholtzia. 

329. The termination of the peduncle, or the part on which the 
whorls of the flowers are arranged, is called the Thalamus or Torus. 
It is the termination of the floral axis. The term receptacle is also 
sometimes applied to this, whether expanded so as to bear several 
flowers, or narrowed so as to bear one. It may be considered as the 
growing point of the axis, which usually is arrested by the production 
of the flowers, but which sometimes becomes enlarged and expanded. 
Thus, in the Geranium, it is prolonged beyond the flower in the form 
of a beak ; in the Arum, it is a club-shaped fleshy column (fig. 239, 
2, a ) ; in the Strawberry, it becomes succulent and enlarged, bearing 
the seed-vessels ; while in Nelumbium it envelops them in the form of 
a truncated tabular expansion. In some cases it bears the seeds. In 
some monstrous flowers, as in Rose and Geum, it is prolonged as a 
branch bearing leaves (fig. 226). 

330. There are two kinds of in florescence — one in which flowers are 
produced in the axil of leaves, while the axis continues to be elongated 
beyond them, and to bear other leaves and flowers ; the other in which 
the axis ends in a single terminal flower. In the former, the flowers 
are axillary, the axis extends in an indefinite manner, and the flowers, 
as they successively expand, spring from floral leaves placed higher on 
the axis than the leaf from which the first flower was developed. In 
the latter, the single solitary flower terminates and defines the axis, 
and the flowers developed subsequently, arise from floral leaves below 
this central flower, and therefore further re- 
moved from the centre. 

331. The first is Indeterminate , Indefinite , or 
A xMamj inflorescence, in which the axis is either 
elongated, continuing to produce flower-buds 
as it grows, the lowermost expanding first ; or 
it is flattened and depressed, and the outermost 
flowers expand first. The expansion of the 
flowers is thus centripetal , that is, from base to 
apex, or from circumference to centre. When 
this kind of inflorescence produeesmanyflowers, 
it is simple , and proceeds from the development 
of the flower-buds of a single branch. This 
kind of inflorescence is shown in fig. 231, where 
the leaf from which the cluster of flowers is 



Fig. 231. — Raceme of Barberry (Herberts vulgarw j, produced in the axil of a leaf or bract, 
which has been transformed into a spine, with two stipules, s, at its base, a', Primary floral 
axis, bearing small alternate bracts, b, in the axil of which the secondary axes, a ' a are pro- 
duced, each terminated by a flower. The expansion of the flowers is centripetal, or from base 
to apex ; the lower flowers hare passed into the state of fruit, the middle are fully expanded, 
and those at the top are still in bud. Indeterminate simple inflorescence. 
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produced, f represents the bract or floral leaf. The rachis , or primary 
axis of the flower, is a'; this produces small leaflets, b, which bear 

smaller flower-leaves or bractlets, from 
which peduncles or secondary axes 
spring, bearing each single flowers. 
The whole inflorescence is the product 
of one branch, the lower flowers having 
expanded first, and bearing fruit, while 
the upper are in bud, and the middle 
are in full bloom. In fig. 232, the same 
kind of inflorescence is shown on a 
shortened axis, the outer flowers expanding first, and those in the 
centre last. 

332, The second is Determinate , Definite , or Terminal inflorescence, in 
which the axis is either elongated and ends in a solitary flower, which 
thus terminates the axis, and if other flowers are produced, they are 

secondary, and farther from the centre; 
or the axis is shortened, and produces 
at once a number of flower-buds, but of 
these the central flower expands first, 
being in fact the termination of the 
axis, while the other flowers are develop- 
ed in succession further from the centre. 
The expansion of the flowers is in this 
a m case centrifugal , that is, from apex to 

base, or from centre to circumference. 
When this inflorescence produces many 
flowers, it is compound, and proceeds 
from the development of the buds of 
several branches. It is illustrated in 
fig. 233, where a representation is given 
of a plant of Kanunculus bulbosus; a is 
the primary axis swollen at the base in a 
bulb-like manner, b, and with roots pro- 
ceeding from it. From the leaves which 
are radical proceeds the axis ending in 
a solitary terminal flower, f. About 
the middle of this axis there is a leaf 

Fig. 232. — Head of flowers or glomerulus of Scabiosa atro-purpurea. The inflorescence is sim- 
ple and Indeterminate, and the expansion of the flowers centripetal, those at the circumference 
opening first. 

Fig. 283.— Plant of Ranunculus bulbosus, showing determinate compound inflorescence, a , 
Primary floral axis dilated at its base, so as to form a sort of bulb, ?/, whence the roots and 
radical leaves proceed, f, Solitary flower, terminating the primary axis. About the middle of 
the axis a leaf is developed which gives origin to a secondary axis, a", ending in a solitary 
flower, which is not so advanced as /'. On the secondary axis a leaf is formed, from the 
ttadl of which a tertiary axis, a'", proceeds, ending in a flower, which Is still in bud. On 
this axis another floral leaf and bud is in the progress of formation. 
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or bract from which a secondary floral axis, a\ is produced, ending in 
a single flower, /", less advanced than the flower, f. This secondary 
axis bears a leaf also from which a tertiary floral axis is produced, a'", 
bearing an unexpanded solitary flower, From this tertiary axis 

a fourth is in progress of formation. Here /' is the real termination 
of the axis, and this flower then expands first, the other flowers being 
developed centrifugaUy on separate axes. It is a compound inflores- 
cence. k 

333. Indefinite Inflorescence. — The simplest form of this inflores- 
cence is when single flowers are produced in the axils of the ordinary 
leaves of the plant, the axis of the plant elongating beyond them, as 
in Veronica hederifolia, Vinca minor, and Lysimachia nemorum. The 
ordinary leaves in this case become floral leaves, by producing flower- 
buds in place of leaf-buds. In place of solitary flowers, there is 
often an elongated floral axis or peduncle arising from a more or less 
altered leaf or bract, and bearing numerous leaflets, called bracteoles or 
bractietSy from which smaller peduncles 
are produced, and those in their turn 
may be branched in a similar way. 

According to the nature of the sub- 
division, and the origin and length of 
the flower-stalks, there arise numerous 
varieties of floral arrangements. When 
the primary peduncle or floral axis, as 
in fig. 231 a\ is elongated, and gives 
off pedicels, a", of nearly equal length 
ending in single flowers, a raceme or 
cluster is produced, as in Currant, 

Hyacinth, and Barberry. If the se- 
condary floral axis gives rise to ter- 
tiary ones, the raceme is branching, 
and forms a panicle . In fig. 234 is 
represented a panicle of Yucca gloriosa, 
a being the primary axis or rachis with 
bracts, giving off numerous secondary 
axes, a", which in their turn develop 
tertiary axes, a ", the development in 
each of the secondary axes being centripetal, and bbbb being the bracts 
from which the separate axes are produced. If the peduncles in the 
middle of a dense panicle are longer than those at the extremities, 



Fig. 234.— Panicle or branching raceme of Yucca gioriosa. Primary axis or rachis. a 
secondary axes car smaller peduncles. Tertiary axes or pedicels bearing flowers, bbbb 
Bracts and bractlots, in the axil of which the axes are produced. The inflorescence is indeter- 
minate, and consists of a series of racemes on a common axis, a'. 'The expansion of the whole 
inflorescence Is centripetal, and such is also the case with each of the racemes forming it, the 
flowers at the base of the axes opening first. 
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a thyrms is produced, as in Lilac. If in a raceme the lower flower- 
stalks are elongated, and come to nearly a level with the upper, a 
corymb is formed, which may be simple , as in fig. 235, where the pri- 



mary axis, a ', divides into secondary axes, a which end in single 
flowers; or compound , as in fig. 236, where the secondary axes again 
subdivide. 



334. If the peduncles or secondary axes are very short 
or awanting, so that the flowers are sessile, a spike is pro- 
duced, as in Plantago and Verbena officinalis (fig. 237). 
The spike sometimes bears unisexual flowers, usually stami- 
niferous, the whole falling off’ by an articulation, as in Wil- 
low or Hazel (fig. 238), and then it is called an amentum 
or catkin; at other times it becomes succulent, bearing 
numerous flowers surrounded by a sheatliing bract or spatha, 
and then it constitutes a spadix , which may be simple, as in 
Arum maculatrum (fig. 239), or branching, as in Palms. 
A spike bearing female flowers only, and covered with 
scales, is either a strobilus , as in the Hop ; or a cone, as in 
the Fir (fig. 201). In grasses, there are usually numerous 
sessile flowers arranged in small spikes, called LocustcB or 


Fig. 235.— Corymb of Cerasus Mahaleh, produced iu the axil of a leaf which has fallen, and ter- 
minating an abortive branch, at the base of which arc modified leaves in the form of scales, & 
a', Primary axis, or peduncle, or rachis, producing alternate bracts, b b, from the axil of which 
secondary axes or pedicels, a ' a", arise, each hearing a single flower. The evolution or expan- 
sion of the flowers is centripetal. 

Fig. 238. — Compound or branching corymb of Pyrus torminalis. Primary axis, a” a", 
Secondary axes. a ,,f a"', Tertiary axes or pedicels bearing the flowers directly, bbb, Bracts. 

Fig. 237. — Spike of Verbena officinalis, showing sessile flowers on a common rachis : the in- 
florescence indeterminate, and the evolution of the flower centripetal. The flowers at tne lower 
part of the spike have passed into fruit those towards the middle are in full bloom, and those 
at the top are only in bud. 
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spileeUts , and these clusters are cither set closely along a central axis 
or rachis, or they are produced on a branched panicle. 



335. If the primary axis, in place of being elongated, is depressed 
or flattened, it gives rise to other forms of indefinite inflorescence. 
When the axis is so shortened that the secondary axes or peduncles 
arise from a common point, and spread out like radii of nearly equal 
length, each ending in a single flower, or dividing again in a similar 
radiating manner, an Umbel is produced, ns in fig. 2 40 and 241. In 
fig. 240 the floral axes, e//, a, a', end in simple umbels, o', o', o', and the 
umbels are called stipitate or stalked; while in fig. 241 the primary 
floral axis, a\ is very short, and the secondary axes, d a\ come off from 


Fig. 238. — Amentum or catkin of Hazel ( Oorylm Avellam), consisting of an axis or racliis 
covered with bracts in the form of scales (sqmimat), each of which covers a male flower, the 
stamens of which are seen projecting beyond the scale. The catkin falls off in a mass, sepa- 
rating from the branch by an articulation. 

Fig. 239.— Spadix or succulent spike of Arum nmculatnin. 1. Exhibits the sagittate leaf, the 
Hpatha or sheathing bract, b, rolled round the spadix, the apex of which, a, is seen projecting. 
2. Shows the spatha, b, cut longitudinally, so as to display the spadix, a. /, Female flowers at 
the base. ?n, Male flowers. On the spadix there are numerous abortive flowers indicated by 
hair-like projections. 

Fig. 240. — Several umbels, o' o' o' o', of Aralia racemosa. a, General axis or the apex of the 
brand) terminated by a single umbel farther advanced than the rest, a' a' a' a', Axes arising 
from it, which are secondary as respects the general axis, a; each of them bears an umbel, ana 
as regards this inflorescence they are primary, a " a " a ", Secondary axes, or the radii of the 
umbel, bbb, Eracts placed alternately on the general axis. &, Shows a double bud proceeding 
from the axil of one of these bracts, and thus giving rise to two-stalked or stipitate umbels 
* H Verticil! ate bracts, fanning involucres at the base of the radii of the umbels. 
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it in a radiating or umbrella-like manner, and end in small umbels, o', 
which are called partial umbels or umbellules , to distinguish them from 
the general umbel arising from the primary axis. This inflorescence is 
seen in Hemlock and other allied plants, which are hence called 
Umbelliferous. 


V 



88 G. If th are numerous ilowers on a 
flattened convex or slightly concave recep- 
tacle, having either very short pedicels or 
none, a cupitulum (a head), or anthodmn 
(avdog, a flower, ohog , a way or method), or 
calatJnum (xaXatitov, a small cup), is formed, 
as in Dandelion, Daisy, and other composite 
plants (figs. 242 and 243); or a glomerulus* 
(a ball), as in Scabiosa (fig. 282), and in 
Dipsacus (fig. 244). Such a receptacle or 
flattened peduncle may sometimes be folded 
so as to enclose partially or completely a 
number of flowers (generally unisexual), 

Pv some this term is applied to the centrifugal inflorescence of certain Frticaceff, Chetio- 
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Fig. 241.— Compound umbel of Carrot (Daunts Carol*). «*, Primary axis shortened and 
depressed, so as to present a convex surface, a" a", Secondary axes or radii of the general um- 
bel, each ending in a partial umbel or nmbcHule. o" a" o" o". a’-' a"\ Tertiaiy axes or radii of 
tin* partial umbels or umbellules. i' f Pinnatipartite bracts, forming the general involucre. i” i", 
Simple bracts, forming the partial involucre or involucel. 

Fig. 242.~-Capitnlum, Anthodium, or Head of flowers of Soorssonera hi.spanica. b, Imbricated 
bracts, forming an involucre, /, Florets or small flowers on the receptacle, having a centripetal 
evolution. 

Fig. 243.— The same Capitulum cut vertically, r, The Receptacle, Phornnthhim, or the flat- 
tened and depressed apex of the peduncle, bearing the florets,/, which are surrounded by bracts, b. 
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giving rise to the peculiar inflorescence of Dorstenia (fig. 245), or to 
that of the Fig (fig. 246), where / indicates the flowers placed on the 
inner surface of the receptacle, and provided with bracteoles. This 
inflorescence has been called Hypanthodium (O^ro, under, and avf)o£, a 
flower). 
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337. On reviewing these different kinds of inflorescence, it will be 
observed that the elongation or shortening of the axis, and the presence 
or absence of stalks to the flowers, determine the different varieties. 
Thus, a spike is a raceme in which the flowers are not stalked, the 
umbel a raceme in which the primary axis is shortened, the capitulum 
or head a spike in which the same shortening has taken place. 

338. Definite Inflorescence. — The simplest form of this inflorescence 
is seen in Anemone nemorosa (fig, 247), or in Gentiana acaulis (Gen- 
tianella), where the axis terminates in a single flower ; and if other 
flowers are produced, they arise from the leaves below the*, first-formed 
flower. When numerous flowers are produced, and the axes are much 
shortened, it is sometimes difficult to understand this mode of in- 
florescence. It may be distinctly traced, however, in plants with 
opposite leaves, in which the different axes are clearly developed. In 
fig. 248 is represented the flowering branch of Erythrcea. Centaurium. 
Here the primary axis, a\ ends in a flower, which has passed 
into the state of fruit. At its base two leaves arre produced, each 
of which is capable of developing buds. In the Gentiana acaulis 

Fig. 244.— Inflorescence of Pipsacus sylvestrls. a, Glomerulus, or head of flowers, each of 
'which is separated hy long pointed bracts. The flowers are evolved in a centripetal manner 
< i, The first expanded, followed by those at em, while those at the apex, fit, ere in bud. 

Fig. 215. — 1 nfloresr’cnce of Dorstenia Contrayerva, consisting of a broad slightly concave 
receptacle, r, on which numerous male and female flowers,/, are placed. 

Fig. 246.— Inflorescence of Fig (Flats Car tea ), showing the hollow receptacle, r, or peduncle 
which forms the fruit covered with numerous flowers,/, of various kinds. 
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these leaves rarely produce buds, but in the present plant they 
generally do. The buds so produced are flower-buds, and constitute 
secondary axes, a a", ending in single flowers, which thus are 

terminal and solitary ; and at the base of these axes a pair of opposite 
leaves is produced, giving rise to tertiary axes, a" a" d", endmg in 
single flowers, and so on. The divisions in this case 

always take place by two, or in a dichotomous (dr/a, in two ways, and 
refAV'j), to cut) manner. Had there been a whorl of three leaves in 
place of two, the division would have been by three, or trichotomous 
(rg/^a, in three ways). 



Fig. 247* — Anemone nemorosa. a, Subterranean stem, /, Leaf, d, Floral axis producing 
bracts, b, which form a three-leaved involucre, c, Solitary flower terminating the axis. In- 
florescence determinate. 
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339. When the leaves become very small, and are transformed 
into true bracts, this whole system forms a single inflorescence, and 
has received the name of cyme . As 
the definite inflorescence occurs in a 
marked degree in the cyme, it has 
hence been called cymose; and the 
cyme itself, according to its divisions, 
lias been characterized as dichotomous 
or trichotomous. In figs. 249 and 
250, the cyme is represented in two 
species of Gerastium, belonging to the 
natural order Caryophyllaceo?, in 
which cymose inflorescence is of 
general occurrence. The leaves in 
the figures are small bracts giving 
origin to flower-buds in the same 
way as in fig. 248; the flowers at a! 
a' being the termination of the pri- 
mary axis and expanding first, the 24s 
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Fig. 248.— Flowering branch of Erythram ceulaurium. a\ Primary axis, o" a", Two secon- 
dary axes, a a'” a'", Tertiary axes, four iu number. a m a"" a Quaternary axes, eight in 
number. /, The flower in various stages of development. Solitary flower which 1ms passed 
into fruit, terminating the primary axis. /", Flowers less advanced, terminating the secondary 
axes. Flowers in bud at the extremity of the tertiary axes, and so on. Inflorescence 
definite or determinate. Evolution of flowers centrifugal. 

Fig. 249. — Inflorescence of Cerastium grandiflormn. b b b, Opposite bracts produced at each 
of the branchings. The axes are indicated as in last figure. The primary axis, ends in a 
flower which has passed into fruit. Inflorescence determinate. Evolution of flowers centrifugal. 

Fig. 250. — Inflorescence of Cerastium tetrandrnm. Letters have the same meaning as in the 
last two figures. In the quaternary axes, a un , the inflorescence becomes lateral by the non- 
development of the flower-buds on one side. 

1 , 
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others being subsequently developed in a centrifugal order. In some of 
the Pink tribe, as Diantlms barbatus, Carthusianorurn, &c., in which 
the peduncles are short, and the flowers closely approximated, with a 
centrifugal expansion, the inflorescence has received the name of fascicle . 
A similar inflorescence is seen in such plants as Xylophylla longifolia 
(flg. 229). When the axes become very much shortened, the arrange- 
ment is more complicated in appearance, and the nature of the inflores- 
cence is indicated by the order of opening of the flowers. In Labiata?, 
as in the Dead nettle (Lamium), the flowers are produced at the axil 
of each of the leaves, and might be looked upon as ordinary whorls, 
but on examination it is found that the central flower expands first, 
and that the expansion is thus centrifugal. The inflorescence is there- 
fore truly cymosc, the flowers being sessile, or nearly so, and the clusters 
are called verticillasters ( verticil lus , a kind of screw). 

840. Sometimes the bract on one side of a dichotomous cyme, 
especially towards the summit of the inflorescence, docs not give 
origin to buds, as seen in the upper flower of fig. 250. When a 
single bract only is produced, in place of two, there is often an anoma- 
lous cymose inflorescence produced, resembling a raceme. Thus, in 
Alstrbemeria, as represented at fig. 251, the axis, a\ ends in a flower, 
which has been cut oflj and a leaf From the axil of this leaf, that is, 


between it and the primary axis, a\ a secondary axis, a", is formed, 
ending in a flower, /", and producing a leaf about 
the middle. From the axil of this leaf, a tertiary 
floral axis, a\ ending in a flower, f"' , is developed, 
gjmt\a and so on. Sometimes the bract on the opposite 
, side shows itself, as at a. This inflorescence 
/ ’ Njl-gy therefore, although it appears simple and race- 

\ mose is truly compound and cymosc, consisting 

\ ,Jj of a series of separate axes, with a 

\jj jfi &S centrifugal expansion. The flower- 

CTX] big branch often exhibits, in such 
^ Af cases, a series of durations. Incer- 

yl/ _ tain orders of plants, especially 

Boraginacese, thebracts beingalter- 
* nate, give rise to an inflorescence 

251 252 of this kind. Thus, in fig. 252, a 

is a primary axis, ending in a flower, producing another, 6, and that, 
a third, c, a fourth, d, &c., all on the same side. In such a case there 


is usually a remarkable curvature resembling the tail of a scorpion, 


Fig. 251. — False raceme of a species of Alstroemeria. a! a" a'" a ,nf , Separate axes succes- 
sively developed, which appear to form a simple continuous raceme, of which the axes form the 
internodes. ft is a compound determinate inflorescence, however, with centrifugal evolution. 
Each of the axes is produced in the axil of a leaf, and is terminated hy a flower,/'/" /'" f H * f 
opposite to that leaf. 

Fig. 252. — Figure to show the formation of a scorpioidal or helicoid cyme, consisting of 
separate axes, ab cde. 
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and the cyme is called scorpioidal or helicoidal (?>./§, a ring, and 
e/dcg, form) or gyrate * It is seen in the Forget-me-not (fig. 253). 

341. Instances of both kinds of floral expansion occur occasionally 
on the same plant. Thus, in Composite, the heads of flowers taken 
as a whole, are developed centrifugally, the terminal head first; while 
the florets , or small flowers on the receptacle, open centripetally, those 
at the circumference first. So also in Labiatse, the different whorls of 
inflorescence are developed centripetally, while the florets of the verti- 
oillasfcer are centrifugal. Sometimes this mixed character presents 
difficulties in cases such as Labiate, where the leaves, in place of 
retaining their ordinary form, become bracts, and thus might lead to 
the supposition of all being a single inflorescence. In such cases, the 
cymes arc described as spiked, racemose, or panicled, according to 
circumstances. Fig. 251 represents a panicled cyme of Privet, in 




* Schleidcn says that this inflorescence is simply a unilateral raceme, having centripetal ex 

Fig. 258, — Scorpioidal, gyrate, or helicoid cyme of Forget-mo-not ( Myosotis pa luatris). 

Fig. 254,— Cymose panicle, or Panicled cyme of Privet (IAguntrum vulgare). The primary 
axis, </, gives off secondary axes, a" cr", which are opposite to each otlior, and produce tertiary 
axes, a!" a'", which are dichotomous, and consequently end in small three-flowered cymes, e c. 
Of the three flowers terminating these tertiary axes, the central one expands first, the evolution 
of the others being centrifugal. 
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which the primary axis, a\ gives off secondary axes, d' d\ whence arise 
tertiary, d" a", ending dichotomously, and producing three-flowered 
cymes, c c, in which the central flower expands first Fig. 255 is a 

racemose cyme of Campanula, de- 
veloped in a very irregular manner, 
and giving rise to a peculiar mixed 
inflorescence ; d d is the primary 
axis, ending in a flower, f, which 
lias withered, and giving off secon- 
dary axes, a" a", each terminated by a 
flower, and developed centripetally, 
the lowest being most expanded. 
These are anomalous cases and not 
easily explained. Such mixed in- 
florescences, partly definite and 
partly indefinite, are by no means 
uncommon. 

342. Sometimes llowers proceed 
from what are called radical leaves ; 
that is, from an axis which is so 
shortened, as to bring the leaves 
close together in the form of a clus- 
ter, From such stems, floral axes 
255 are pushed upwards occasionally, 

bearing single flowers, or flowers 
in umbels and racemes, as in Primrose, Auricula, Hyacinth, &e. In 
these cases, the name of scape is applied to the flowering stem. , 


343.— Tabular Arrangement or Inflorescence or Antiiotaxis. 

A. Flowers Sessile. 

I. Floral Axis elongated. 

1. Axis permanent. 

Spike (Plantago), Locusta or Spikclct (Lolmm), Spadix (Arum), Cone 
(Fir), Strobiius (Hop). 

2. Axis deciduous. 

Catkin or Amentum (Willow), Compound Catkin (Male flowers of some 
Palms). 

II. Floral Axis shortened or depressed (a Receptacle). 

Capitulum, Antkodium orCalathium (Dandelion). 

B. Flowers Pedicellate. 

I. Floral Axis elongated. 

Fig. 256.— Racemose cyme, or Cymose raceme of Campanula, a ' a\ Primary axis, terminated 
by a flower,/', which has already withered, and is beginning to pass into the state of fruit. 
n" a" a", Secondary axes, each terminated by flowers, /", which are more advanced the lower 
they are in their position. 
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1 . Peduncles simple. 

a. of equal pr nearly equal length. 

Raceme (Currant, Hyacinth). 

b. lowermost longest. 

Centripetal expansion — Corymb (Ornithogalum). 

Centrifugal expansion — Fascicle (Pink). 

2. Peduncles branched. 

Panicle (Poa), Thyrsus (Lilac), Anthela (Luzula), Compound Raceme 
(Plane-tree), Compound Corymb (Milfoil). 

II. Floral Axis shortened or depressed. 

1. Expansion centripetal. 

a . Peduncles very short, Flowers forming a close head. 

Glomerulus (Armeria, Scabious). 

b . Peduncles nearly equal, radiating from a common centre. 

Peduncles simple — Simple Umbel (Astrantia, Ramsons). 

Peduncles branched — Compound Umbel (Hemlock). 

2. Expansion centrifugal. 

a. Peduncles simple — Vertieillaster (Laraium). 

b. Peduncles branched — Cyme (Elder). 


2.— -BRACTS OR FLORAL LEAVES. 

344. Flowers, with the exception of the terminal flower, arise from 
the axil of leaves, called JWactm , bracts or floral leaves. The term 
bract is properly applied to the leaf, from which the primary floral 
axis, whether simple or branched, arises, while the leaves which arise 
on the axis between the bract and the outer envelope of the flower 
are bractcoles or bmctkts. The two are distinct, but are often used 
indiscriminately in ordinary descriptions. Bracts sometimes do not 
differ from the ordinary leaves, and are then called leafy , as in Ajuga. 
Like leaves, they are either entire or divided. In general, as regards 
their form and appearance, they differ from the ordinary leaves of the 
plants, this difference being greater in the upper than in the lower 
branches of an inflorescence. They arc distinguished by their position 
at the base of the flower or flower-stalk. When the flower is sessile, 
the bracts are often applied closely to the calyx, and may thus be 
confounded with it. 

345. When bracts become coloured as in Amherstia nobilis, Eu- 
phorbia splendens, and Salvia splendens, they may be mistaken for 
parts of the corolla. They are sometimes mere scales or threads, and 
at other times they are abortive, and remain undeveloped, giving rise 
to the ebracteated inflorescence of Cruciferse and some Boraginaces?. 
Sometimes flower-buds are not produced in their axil, and then they 
are empty. A series of empty coloured bracts terminates the inflores- 
cence in Salvia Horminum. The smaller bracts or bractcoles, which 
occur among the subdivisions of a branching inflorescence, often produce 
no flower-buds, and thus anomalies occur in the floral arrangements. 

34 G. Bracts are occasionally persistent, remaining long attached to 
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the base of the peduncles, but more usually they are deciduous, falling 
off early by an articulation. In some instances they form part of the 

fruit, becoming incorporated with other 
organs. Thus, the cones of Firs (fig. 201) 
and the strobili of the Hop, are composed 
' of a series of bracts arranged in a spiral 
manner, and covering fertile flowers; and 
the scales on the fruit of the Pine-apple 
(fig. 256 a), are of the same nature. In 
Amenta or catkins (fig. 238), the bracts 
are called squama* or scales. As regards 
them arrangement, they follow the same 
law as leaves; being alternate, opposite, or 
verticillate. 

'■ 347. At- the base of the general umbel 

in umbelliferous plants, a whorl of bracts 
often exists called a general involucre (fig. 
241 f), and at the base of the smaller umbels 
or umbellules, there is a similar leafy whorl 
called involued or partial involucre (fig. 241 i"). 

1 n the case of C< >mposita?, the nam e involucre" 
is also applied to the leaves or scales surrounding the head of flowers (fig. 
242 />), as in Dandelion, Daisy, and Artichoke. This involucre is often 
composed of several rows of leallets, which are either of the same or dif- 
ferent forms and lengths, and often lie over each other in an imbricated 
manner. Wien the bracts are arranged in two rows, and the outer row 
is perceptibly smaller than the inner, the involucre is sometimes said 
to be colic ulate as in Seneeio. The leaves of the involucre are spiny in 
Thistles and in Dipsacus (fig. 244 e i), and hooked in Burdock. Such 
whorled or verticillate bracts may either remain 
separate ( 'polypity thus ), or be united by adhesion 
( gamophyllous ), as in many species of Bupleurum, 
and in Lavatera. In the acorn they form the cnjnda 
or cup (fig. 257 c), and they also form the husky 
coveiing of the Hazel-nut. 

348. Wien bracts become united together, and 
overlie each other in several rows, it often happens 
that the outer ones do not produce flowers or be- 
come empty or sterile. In the artichoke, the outer 
imbricated scales or bracts are in this condition, 



Fig. 266. Fruit of Pine-apple (Ananassa mttva), composed of numerous flowers united into 
one mass; the scales, o, being modified bracts or floral leaves. The crown, b, consists of a 
prolongation of the axis hearing leaves, which may he considered as a senes of empty bracts, 
i. e. bracts not producing flowers in their axil 

Fig. 257. — Acorn, or Fruit of the Oak. c, Cup ala or cup, formed by the union of numerous 
bracts or floral leaves, the free points of which are seen arranged in a spiral maimer. 
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and it is from the membranous white scales or bracts ( palece ) forming 
the choke attached to the edible receptacle, that the dowers are pro- 
duced. The sterile bracts of the Daisy occasionally produce capitula , 
and give rise to the llen-and- Chicken Daisy. In place of developing 
flower-buds, bracts may, in certain circumstances, as in proliferous or 
viviparous flowers, produce leaf-buds. 

340. A sheathing bract enclosing one or several flowers, is called 
a spatha or spathe. It is common among Endogens, as Narcissus, Arum 
(fig. 239 b), and Palms. It is often associated with the spadix, and may 
be coloured as in Calla or Kiehardia sethiopiea. When the spadix is 
compound or branching, as in Palms, there are smaller spathes sur- 
rounding separate parts of the inflorescence, to which the name spa- 
thellce has sometimes been given. The spathe protects the flowers in 
their young state, and often falls off after they are developed, or liangs 
down in a withered form, as in some Palms, Typha, and Pothos. In 
grasses, the outer scales have been considered as sterile bracts, and 
have received the name of glumes, and in Cyperaceae, bracts enclose 
the organs of reproduction. 

3. — THE FLOWER AND ITS APPENDAGES. 

350. The Flower consists of whorled leaves placed on an axis, the 
internodes of which are not developed. This shortened axis is the , 
Thalamus or torus. There are usually four of these whorls or ver- 
ticils : — 1. The outer one called the calyx. 2. The corolla. 3. The 
stamens . 4. The most internal one, th q pistil. Each of these consist nor- 
mally of several parts, which, like leaves, follow a law of alternation. 
Thus, the flower of Crassula rubens (fig. 258) presents a calyx, c c\ 
composed of five equal pieces arranged in a whorl ; a corolla, p p. 
also of five parts, placed in a whorl within the 
former, and occupying the intervals between 
the five parts of the calyx ; five stamens, cce, 
in the spaces between the parts of the corolla, 
and consequently opposite those of the calyx ; 
and five parts of the pistil, o o, which follow 7 
the same law of arrangement. Again, in 
Seilla italica, the parts are arranged in sets of 
three in place of five, as shown in fig. 259, 
where ppp are three parts of the external 
whorl ; p" p" p", three of the next whorl ; 
e', an outer row of stamens ; e, an inner row 7 ; o, the pistil formed^ 
of five parts. It is distinctly seen in these instances, that the parts of 
the flower are to be regarded as leaves arranged on a depressed or 
shortened axis. 

Fig. 258.— Flower of Crassula rubena. c c, Foliola of calyx or sepals, p p, Petals. 
Stamens. o o, Carpels, eacli of them having a small scale-like appendage, a, at their base. 
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351. When all the parts of the flower are separate, and normally 
developed, there is no difficulty in tracing this arrangement ; but in 

many cases it is by no means an easy mat- 
ter to do so, on account of changes pro- 
duced by the union of one part to another, 
by degeneration, by 4he abortion or non- 
development of some portions, and by the 
multiplication or folding of others.* Of 
the four whorls noticed, the two outer (calyx 
and corolla), are called floral envelopes ; the 
two inner (stamens and pistil), are called 
essential organs . When both calyx and 
corolla are present, the plants are Dichlamy - 
deans (dig, twice, and y\ afivg, a covering) ; 
occasionally one or both become abortive, 
and then the flower is either Monoch huny deans {fAovog, single), having 
a calyx only, or Aehhunydeous (a, privative) or naked, having only 
the essential organs, and no iloral envelope. 

352. The rioral Envelopes consist of the calyx and corolla. In 
most cases, especially in Exogens, these two whorls are easily dis- 
tinguishable, the first being external and green, the latter internal, 
and more or less highly coloured. If there is only one whorl, then, 
whatever its colour or degree of development, it is the calyx. Some- 
times, as in many Endogens, the calyx and corolla both display rich 
colouring, and are apt to be confounded. In such cases, the term 
Perianth (ersg/, around, and ccvOog, flower), or Perigone (<refl and 




pistil), has been applied to avoid 
ambiguity. Thus, in the Tulip, 
Crocus, Lily, Hyacinth, in place 
of calyx and corolla, authors 
speak of the parts of the peri- 
anth, although in these plants, 
an outer whorl (calyx), may be 
detected, of three parts, and an 
inner (corolla), of a similar 
number arranged alternately. 
Thus, the perianth of the White 
Lily (fig. 260 p), consists of 
three outer parts, p e, altemat- 


* At the conclusion of the remarks on the organs of reproduction, notice is taken of various 
metamorphoses produced In flowers by the causes above specified. 

Fig. 269. Flower of Scilla italica. />»', Three external leaflets, or divisions of the perianth 
or Perigone. pF p" p", The three internal leaflets, e', Stamens, opposite to the first or external 
leaflets, e". Stamens opposite the second or internal leaflets, o, Ovaries united together into 
one. 9 , Three styles, consolidated so as to form one. 

Fig. 260.— Flower of White Lily (LiUum album), p, Perianth or Perigone, having three parts 
exterior, p e, alternating with three interior, p i. e, Stamens, having versatile outliers attached 
to the top of the filaments. *, Stigma at the apex of the style. 
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ing with three internal parts, p *, surrounding the essential organs, e, 
the stamens, and, $, the pistil. 

353. The term perianth then is usually confined to the flowers of 
Endogens, whatever colour they present, whether green, as in Aspa- 
ragus, or coloured, as in Tulip. Some use the term perianth as a 
general one, and restrict the use of peri gone to cases where a pistil is 
present, not applying it to unisexual flowers, in which stamens only 
are produced. In some plants, as Nymplioea alba (fig. 310), it is not 
easy to say where the calyx ends, and the corolla begins; as these two 
whorls pass insensibly into each other. 

354. Flower-bnd. — To the flower-bud, the name alabastrus (mean- 
ing rose-bud) is sometimes given, and its period of opening has been 
called anthem {avdr t Gi$, flower opening), whilst the manner in which 
the parts are arranged with respect to each other before opening, is 
the estivation (rntivus, belonging to summer), or prcejloration ( pra > , 
before, and Jl.os, flower). The latter terms bear the same relation to 
the flower-bud, that vernation does to the leaf-bud, and distinctive 
names have also been given to the different arrangements which it 
exhibits. When the parts of a whorl are placed in an exact circle, 
and are applied to each other by their edges only, without overlapping 
or being folded, thus resembling the valves of a seed-vessel, the esti- 
vation is v air ate, as in calyx of Guazuma ulmifolia (fig. 261 c\ The 
edges of each of the parts may be turned either inwards or outwards ; 
in the former case, the aestivation is induplicate, as in corolla of Gua- 
zuma ulmifolia (fig. 261 p), in the latter reduplicate , as in calyx of 
Althaea rosea (figs. 262 c, 263 c). When the parts of a single whorl 
are placed in a circle, but each of them exhibits a torsion of its 
axis, so that by one of its sides it overlaps its neighbour, whilst its 



Fig. 261. — Diagram of calyx, e, and corolla, p, in the bud of Guaxuma ulmifolia. Aestivation 
of calyx valvate, of petals induplicate. 

Fig. 262. — Diagram of calyx, c, and corolla, p, in the flower-bud of Althaea rosea. ^Estivation 
of calyx reduplicate, of petals con toiled or twisted. 

Fig. 263.— Flower-bud of A 1 tinea rosea in a young state, showing calyx, c, still completely 
enveloping the other party and the edges of its divisions touching each other. 

Fig. 264. — The same in a more advanced state, where the calycine divisions, c, are separated 
so as to allow the expansion of the corolla, the petals of which, p, are contorted in aestivation. 
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side is overlapped in like manner by that standing next to it, the 
aestivation is twisted or contorted \ as in corolla of Althaea rosea (figs. 
262 pj 264 p). This arrangement is characteristic of the flower-buds 
of the Malvaceae and Apocynaceae, and it is also seen in the Convolvu- 
lacese and some Caryophyllaceai. When the flower expands, the traces 
of twisting often disappear, but sometimes, as in Apocynacea*., it re- 
mains. 


355. In these instances of Aestivation, the parts of the verticils are 
considered as being placed regularly in a circle, and about the same 
height, and they are included under circular aestivation. But there 
are other cases in which there is a slight difference of level, and then 
the true spiral arrangement exhibits itself. This is well seen in the 
leaves of the calyx of Camellia japonica (fig. 
265 c), which cover each other partially like 
ft tiles on a house. This Aestivation is imbricated. 
At other times, as in the petals of Camellia 
(fig. 265 p), the parts envelop each other com- 
' pletely, so as to become convolute . This is 

also seen in a transverse section of the calyx 
of Magnolia grandiflora (fig. 267), where 
each of the three leaves embraces that within 
it. Wien the parts of a whorl are five, as 
occurs in many Exogens, and the imbrication 
265 is such, that there are two parts external, two 

internal, and a fifth which partially covers one 
of the internal parts by its margin, and is in its turn partially covered 
by one of the external parts, the Aestivation is quincunxial (fig. 266). 
This quincunx is common in the corolla of Rosacea;. Fig. 266 is a 
horizontal section of the calyx in the flower-bud of Convolvulus 

sepium, in which the parts are 




numbered according to their 
arrangement in the spiral 
| cycle, and the course of the; 
4 spiral is indicated hyaline of 
points. In fig. 268, a section 


is given of the bud of Antirr- 


hinum majus, showing the 
imbricated spiral arrangement. In this case it will be seen, when 


Fig. 265. — Flower-bud of Camellia japonica. e, Imbricated sepals of the calvx. p, Petals with 
convolute Aestivation. 

Fig. 266. — Horizontal section of calyx in flower-bud of Convolvulus sepium. Calvx consists 
of five sepals corresponding to the numbers in the figure, and the line of points indicates the 
direction of the spiral according to which they are arranged. 

Fig. 267 . — Arrangement of the three outer leaflets (calyx) in the bud of Magnolia grandi- 
flors, cut transversely ; aestivation convolute. 

Fig. 268.— Arrangement of the parts of the calyx in the flower of Frogsmouth (Antirrhinum 
majvtn). The arrangement differs from that in fig. 266, on account of a slight twisting and 
overlapping of the parts. 
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contrasted with fig. 266, that the part marked 2, by a slight change 
in position, has become overlapped by 4. In flowers, such as those 
of the Pea (T 379, fig. 292), one of the parts, the vexillum, is often 
large and folded over the others, giving rise to vexillary aestivation, 
or the carina may perform a similar part, and then the aestivation 
is carinal. 

356. The different verticils often differ in their mode of aestivation. 
Tlius, in Malvaceae, the corolla is contorted, and the calyx valvate, or 
reduplicate (fig. 264). In Convolvulacese, while the corolla is twisted, 
and has its parts arranged in a circle, the calyx is imbricated and 
exhibits a spiral arrangement (fig. 266). In Gmazuma (fig. 261), the 
calyx is valvate, and the corolla induplicate. The circular aestivation 
is generally associated with a regular calyx and corolla ; while the 
spiral aestivations are connected with irregular as well as regular forms. 

357. The different parts of the flower, besides having a certain 
position as regards each other, bear also definite relations with respect 
to the floral axis whence they arise. An individual part of a flower 
may be turned to the one or the other side of the axis, to the right or 
to the left, in its normal state, and the same will be the case with the 
corresponding parts of the other flow T ers. This law often holds good 
with whole groups of plants, and a means is thus given of character- 
king them. If a whorl of the flower consists of four parts, that which 
is turned tmvards the floral axis is called superior or posterior , that 
next the bract whence the pedicel arises is inferior or anterior , wfliilo 
the other tw r o are lateral. If again, there are five parts of the whorl, 
then two are inferior, two lateral, and one superior. In plants having 
blossoms like the Pea, the vexillum, or odd petal, is the superior part; 
whilst in the calyx, the odd part, by the law of alternation, is inferior. 
Sometimes the twisting of parts makes an apparent change in their 
position. 


External Floral Whorls , or Floral Envelopes . 

358. Calyx. — The calyx is the external envelope of the flow r er, and 
consists of verticiilate leaves, called sepals, foliola, or phijllu ( folium , and 
(pvWov, a leaf). These calycine leaves are sometimes separate from each 
other, at other times they are united to a greater or less extent ; in 
the former case, the calyx is polysepalons or polyphyllous {woh-jg, many), 
in the latter gamosepalom or gamophjllovs , monosepalous or monophyl- 
lous (ya/uog, union, or {juwqc , one). The divisions of the calyx present 
usually all the characters of leaves, and in some cases of monstrosity 
they are converted into the ordinary leaves of the plant. This is 
frequently seen in the Rose (fig. 226 c), Preony, &c. Their structure 
consists of cellular tissue or parenchyma, traversed by vascular bundles, 
in the form of ribs and veins, containing spiral vessels, which can be 
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unrolled, delicate woody fibres, and other vessels, — the whole being 
enclosed in an epidermal covering, having stomata, and often hairs on 
its outer surface, which corresponds to the under side of the leaf. 

359. The venation of the calyx in the great divisions of the vege- 
table kingdom, is similar to that of their leaves ; parallel in Endogens, 
reticulated in Exogens. The leaves of the calyx are usually entire 
(fig. 239), but occasionally they are cut in various ways, as in the 
Rose (fig. 270 c f ), and they are sometimes hooked at their margins, as 
in Rumex imcatus (fig. 271c *). In the last-named plant, there are two 



whorls of ealycine leaves, the outer of which, ce, are entire, and there 
are also swellings, g, in the form of grains or tubercles on the back 
of the inner hooked sepals. The outer leaves, c e, may be looked upon 
in such cases as bracts occupying an intermediate place between leaves 
and sepals. It is rare to find the leaves of the calyx stalked. They 
usually consist of sessile leaves, in which the laminar portion is only 
slightly developed, and frequently the vaginal part is alone present. 
Sepals are generally of a more or less oval, elliptical, or oblong form, 
with the extremity either blunt or acute. In their direction they 
are erect or reflexed (with their apices downwards), spreading out- 
wards {divergent or patulous), or arched inwards {comment). They 
are usually of a greenish colour, and are called folia aeons or herbaceous; 
but sometimes they are coloured, as in the Fuchsia, Tropoeolum, and 
Pomegranate, and they are then called petaloid. Whatever be its 
colour, the external envelope of the flower must be considered as the 
calyx. 

Fig. 269. — Pentaphyllous or pentasepalous calyx of Stellarla Jlolostea; nopals entire. 

Fig. 270. — Flower of tlio Rose, cut vertically, c t 1 Tube of the calyx, cf, Limb of calyx 
divided into leaflets, t e, Stamens. oo t Ovaries, each having a style which roaches beyond the 
tube of the calyx, and ending in a stigma, &. 

Fig. 271.— Calyx of ltumex uncatus, composed of two verticils or whorls ; the outer, c «, having 
short and entire divisions ; the inner, e t, having larger divisions, which exhibit at the margin 
narrow hooked projections, and have at their base a granular swelling, g. 
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360. The nature of the hairs on the calyx gives rise to terms simi- 
lar to those already mentioned as applied to the surfaces of plants 
(% 60). The vascular bundles 
sometimes form a prominent rib 
(figs. 272, 273), which indi- 
cates the middle of the sepal, at 
other times they form several (fig. 

274). The venation is useful in 
pointing out the number of leaves 
which form a gamosepalous calyx. 

At the part where two sepals 
unite, there is occasionally a pro- 
minent line, formed by the union 
of the vessels of each (fig. 274), which divides near the apex into two 
branches, each following the course of their respective sepals. 

361. In a polysepalous calyx, the number of the parts is marked by 
Greek numerals prefixed. Tlius, a trisepalous calyx lias three sepals, 
pentasepalous or pentaphyllous, five, as in Stoll aria, Holostea (fig. 269), 
and so on. The sepals occasionally are of different forms and sizes. 
Tlius, in Aconite, one of them lias a, peculiar helmet shape, and has 
been called galeate (galea, a helmet) ; some authors regard this as a 
petal, but it seems ’ to belong to the outer whorl, and is consequently 
a part of the calyx. In Calcophyllum, one of the sepals enlarges after 
the corolla falls, and becomes of a fine pink colour. 

362. In a monophyllous or gamosepalous calyx, the sepals adhere 
in various ways, sometimes very slightly, as in (Enotliera ; and their 
number is marked by the divisions at the apex. These divisions are 
either simple projections in the form of acute or obtuse teeth (fig. 273), 
or they extend about half way, as fissures, the calyx being trifid (three- 
cleft), gvinguefid (five-cleft), as in Primula elatior (fig. 272), according 
to circumstances ; or they reach to near the base in the form of parti- 
tions, the calyx being tripartite , quadripartite, quinquepartite, &c. The 
adhesion or union of the parts may bo complete, and the calyx may 
be quite entire or truncate, as in some Correas, the venation being 
the chief indication of the different parts. The adhesion is sometimes 
irregular, some parts uniting to a greater extent than others, thus 
forming a two-lipped or labiate calyx, which, when the upper lip is 
arched, becomes ringent The upper lip is often composed of three 
parts, which are thus posterior or next the axis, while the lower has 
two, which are anterior. The part formed by the union of the sepals 
is called the tube of the calyx ,• the upper portion where the sepals 
are free is the limb. Sometimes a monophyllous calyx assumes an 



272.— Quijiftueftd or five-cleft calyx ot Primula elatior or the oxlip. 
Hg. 273,— Five-toothed calyx of Silciie inllata. 

Fl S* 274.— Calyx, c, of Hibiscus, with its callculus or ©picalyx, b. 
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angular or prismatic form, as in Lamium and Primula, and then the 
angles are marked by the midribs of the sepals which form it. 
Occasionally the calyx has a globular form, at other times it is bell- 
shaped, funnel-shaped, turbinate (like a top), or inflated, 

863. Occasionally, certain parts of the 
sepals undergo marked enlargement. In the 
Violet, the calycine segments ( lacinice ) are pro- 
longed downwards beyond their insertions, 
and in the Indian Cress (Tropccolum) this 
prolongation is in the form of a spur (calcar), 
formed by three sepals (fig. 275, e) ; in Del- 
phinium it is formed by one. When one or 
more sepals are thus enlarged, the calyx is 
calcarate or spurred. In the Pelargonium, the 
spur from one of the sepals is adherent to the 
flower-stalk. 

304. In some plants, as the Mallow tribe, the flower appears to be 
provided with a double calyx, which has been denominated caliculate , 
the outer calyx being the epicalyx. In fig. 274, c represents the calyx 
of Hibiscus, and b the smaller calyx or epicalyx outside; and in fig. 

270, the same thing is shown in Potentilla vema. 
^ £\ Many authors look upon the outer calyx as a col- 

lection oftwhorled braetlets, or an involucre placed 
immediately below the flower. In some cases the 
projecting teeth between the divisions of the calyx, 
as in Rosacea?, are to be traced to the transformed 
stipules of the calycine leaves. Degenerations take 
place in the calyx, so that it becomes dry, scaly, and 
oiumaeeous (like the glumes of grasses), as in the Rush tribe ; hairy as 
in Composite; and a mere rim, as in some Umbelliferse and Acanthacea*., 
when it is called obsolete or marginate . 

365, In Composite, Dipsacete, and Valerianacese, the tube of the 
calyx adheres to the pistil, and the limb is developed in the form of 
hairs, called pappus . This pappus is either simple (pilose) (fig. 278), 
or feathery (plumose) (fig. 2 79). In cases where, to the naked eye, the 
hairs appear to be simple, the application of a lens sometimes exhibits 
distinct tooth-like projections often irregularly scattered. In figs. 
277, 278, and 279, there are examples of calyces, c, the tubes of 
which, t, are united to the pistil, while the limbs, i, show a transition 
from the narrowed thread-like form in Catananche cserulea (fig. 277), 
to the pilose in Scabiosa atro-purpurea (fig. 278), and thence to the 
plumose in Pterocephalus paleestinus (fig. 279). In Valeriana, the 
limb of the calyx at first seems to be an obsolete rim, but as the fruit 

Fie 275 —Calcarate calyx of Troixeolum or Indian cross, a, Spur or calcar, p, Pedicel. 

Fig. 276. Calyx, c c, of Potentilla rorna, with its epicalyx or caUculuB, b b. 
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ripens, it is shown to consist of hairs rolled inwards, which expand so 
as to waft the fruit. 



277 278 279 


300. The calyx sometimes Hills off before the llower expands, as in 
Poppies, and is caducous ; or along with the corolla, as in Ranunculus, 
and is deciduous ; or it remains after flowering, as in Labiata?, Scrophu- 
lariacea?, and Boraginacete ; or its base only is persistent, as in Datura 
Stramonium. In Esehscholtzia and Eucalyptus, the parts of the calyx 
remain united at the upper part, and become disarticulated at the base 
or middle, so as to come off in the form of a lid or funnel. Such a 
calyx is operculate ( operculum , a lid), or calyptmte (zaXiffrga, a cover- 
ing). Hie existence or non-existence of an articulation determines 
the deciduous or persistent nature of the calyx. In the case of Esch- 
scholtzia, the axis seems to be prolonged so as to form a sort of tube, 


from which the calyx separates. In Eucalyp- 
tus, the calyx consists of leaves, the lamina* or 
petioles of which are articulated like*, those of 
the Orange, and the separation between the 
parts occurs at this articulation. 

307. The tube of the calyx is sometimes 
united to the pistil, and enlarges subsequently, 
so as to form a part of the fruit, as in the Apple, 
Pear, Pomegranate, Gooseberry, <fcc. In these 
fruits the limb of the calyx is seen at the apex. 
Sometimes a persistent calyx increases much 
after flowering, without being incorporated with 
the fruit, becoming accrescent (< accresco , to in- 
crease), as in various species of Physalis (tig. 280); 



figs. 277 — 279.— Examples of calyces, the litnbs of which, l, gradually pass into the state of 
hairs or pappus, c, Calvx, the tube of which, i, is united to the ovary, and forms a narrow 
column above it, in figs. 278, 279, the limb, Z, consisting of numerous simple or feathery hairs. 
i, Involucre or gamosepalous bracts cut vertically. 

Fjg. 277.— Calyx of Catananclie carulea. 

Fig. 278.— Calyx of Scabiosa atro-purpurea. 
h jg. 279.— Calyx of Pterodeplialus paltestinus. 

Fig. 280.— Accrescent calyx, c, connected with the fruit of Physalis alkekeugi. 
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at other times it remains in a withered or marcescmt { marcesco , to 
decay) form ; sometimes it becomes inflated or vesicular. In Trifolium 
fragiferum, the union of the inflated calyces causes the strawberry-like 
appearance of the head of flowers when in fruit. 

368. Corolla. — The corolla is the more or less coloured inner floral 
envelope, forming the whorl of leaves between the calyx and the 
stamens. It is generally the most conspicuous whorl. The gay colours 
and fragrant odours of flowers are resident in it. It is present in the 
greater number of Exogens. It is composed of parts which are usually 
disposed in one or more verticillatc rows, and wliicli are called petals 
(csraXov, a leaf). The petals sometimes form a continuous spiral with 
the calyeine segments, but in general they are disposed in a circle, and 
alternate with the sepals. 

369. Petals differ more from leaves than sepals do, and are much 
more nearly allied to the next whorl or the stamens. In some cases, 
however, they are transformed into loaves like the calyx, and occa- 
sionally leaf-buds are developed in their axil. They are seldom green, 
although occasionally this colour is met with, as in some Cobras, 
Iloya viridiflora, Gonolobus viridiflorus, and Pentatropis spiralis. 
They are generally white, red, blue, or yellow, or exhibit some colour 
produced by an intermixture of these. The colouring matter is con- 
tained in cells, and differs in its nature from the chlorophylle of the 
leaves. As regards their structure, petals consist of cellular tissue 
traversed by true spiral vessels, and thin-walled tubes. In delicate 
flowers, as Convolvulus and Anagallis, these vessels are easily seen 
under the microscope. Petals do not usually present numerous layers 
of cells like the leaves, neither is the epidermis always distinct, although 
in some instances it may be detached, especially from the surface next 
the calyx. The cuticle of the petal of a Pelargonium, when viewed 
with a or \ inch object glass, shows beautiful hexagons, the boun- 
daries of which are ornamented with several inflected loops in the sides 
of the cells. 

370. On the outer surface of petals, corresponding to the low r er side 
of leaves, stomata- are sometimes found. Petals are generally glabrous 
or smooth ; but, in some instances, hairs are produced on their sur- 
face. Petaline hairs, though sparse and scattered, present occasionally 
the same arrangement as those which occur on the leaves : thus, in 
Bombaceae they are stellate. Coloured hairs are seen on the petals 
of Menyanthes, and on the segments of the perianth of the Iris. 
Although petals are usually very thin and delicate in their texture, 
they occasionally become thick and fleshy, as in hitapelia and Kaf- 
flesia; or dry, as in Heaths; or hard and stiff', as in Xylopia. A petal 
often consists of two portions — the lower narrow, resembling the 
petiole of a leaf, and called the unguis or claw; the upper broader, like? 
the blade of a leaf, and called the lamina or limb. These parts are 
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seen in the petals of the Pink (fig. 281), where o is the claw, and l 
the limb. The claw is often wanting, as in the Rose, and the petals 
are then sessile. Those having a claw are ungui- 
culate. 

371. Petals, properly so called, belong to Exo- 
genous plants, for in Endogens the flowers consist of 
a perianth or peri gone, which is referred to the caly- 
cine envelope. Hence the venation of petals resem- 
bles that of exogenous leaves. In the claw the 
vessels are approximated, as in the petiole, and in 
the limb they expand. There may be a median 
vein whence Lateral veins go off, at the same or dif- 
ferent heights, forming reticulations ; or there may 
be several primary veins diverging from the base 
of the limb, and forming a sort of fan-shaped vena- 
tion. At other times the median vein divides into two. 

372. According to the development of veins, and the growth of 

cellular tissue, petals present varieties similar to those already noticed 
in the case of leaves. Thus the margin is either entire or divided 
into lobes or teeth. These teetli sometimes form a regular fringe 
round the margin, and the petal becomes fimbriated (fimbriae, a fringe), as 
in the Pink (fig. 281 ); or laciniated , as in Lychnis Flos cuculi; or crested, 
as in Polygala.. The median vein is occasionally prolonged beyond 
the summit of the petals in the form of a long process, as in Strophan- 
thus hispid us, where it extends for seven inches ; and at other times it 
ends in a free point or cusjns, and thus becomes cuspidate; or the pro- 
longed extremity is folded downwards or indexed, as in UrnbeUifene 
(fig. 282), so that the point approaches to the base. If the median 
vein divides into two, the space between 
the divisions may be filled up so as to leave /i 
only a slight deficiency, and thus the petal Iw 
becomes emarginate ; or the deficiency may 
be greater, wlnle the limb gradually expands fj/ j 
from below upwards, and its extremity (jn / 
becomes two-lobed, so that the petal be- If j 
comes obcordate . If the separation extends Njf 
to the middle, it is bifid ; if to near the ^ 
base, bipartite , as in duckweed (fig. 283 /). 282 

In the same way as in leaves, the venation of the petals is sometimes 
unequal, and the cellular tissue is developed more on one side than 
on the other, thus giving rise to an obliqve petal. 

Fig. 281. — An unguieulate petal of Dianth.ua mouspesHulanus. o , Unguis or claw. I, Limb 
which is fimbriated, or has a fringed margin. . _ . , 

Fig. 282. — A petal of Erynghun campestrc, with the apex inflected or turned down towards 
the base. 

Fig. 288. — A bipartite petal of Alsiue media, or common Chiekweed. l 7 The limb split into 
e, The claw, 

M 
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378. According as the veins proceed in a straight or curved direc- 
tion, so may the limb of the petal be flat or concave, or hollowed like 
a boat, cymbiform or navicular (cymba, a boat, and navis, a ship), or 
like a spoon, cochleariform ( cochleare , a spoon). In the case of the 
navicular petal, the median vein forms a marked keel. In Hellebore, 
the petals become folded in a tubular form, resembling a horn ; in 

Aconite (fig. 284), some of the 
petals, p, resemble a hollow 
curved horn, supported on a 
grooved stalk, while in Colum- 
bine (fig. 285), Violet, Snap- 
dragon, and Centrantlms, one 
or Jill of them arc prolonged 
in the form of a spur, and are 
calcarate (calcar, a spur). In 
Valeriana, Antirrhinum, and 
Corydalis, the spur is very 
short, and the corolla or petal 
is said to be gibbous (gibbus, a 
bunch or swelling), or saccate 
at the base. In some Bora- 
ginaceas (fig. 297), there are 
foldings at the upper part of 
the tube of the corolla, r , caus- 
ing hollow projections, open 
on the outside, which might be considered as small internal spurs. 

874. Wien a petal continues narrow, as if formed by a prolonga- 
tion of the claw, it is called linear ; when the limb is prolonged below, 
so as to form two rounded lobes, it is cordate , as in the petal of Genista 
candicans (fig. 283), and when the lobes are acute, it may be sagittate 
or hastate . The meaning of tlie epithets applied to the forms of petals, 
will be understood by considering those applied to leaves. In general, 
it may be stated, that the terms refer to the limb of the petal, which is 
frequently the only portion developed. In the Poppy, the petals have 
a puckered or corrugated appearance, arising from their delicacy, and 
the mode in winch they are folded in estivation. Other petals have 
a emp or wavy margin. 

375. A corolla rarely consists of one petal, and when this occurs, 
as in Amorpha, it depends on the abortion or non-development of 
others. Such a corolla is unipetalous ( unus , one), a term quite distinct 

Fig, 28L— Part of the flower of Aconitum Napellus, showing two irregular horn-like petals, p, 
supported on grooved stalks, o. These used to be called nectaries, a, The whorl of stamens 
inserted on the thalamus, and surrounding the pistil. 

Fig, 2S6.— Single spurred petal of Aquilegia vulgaris, or common Columbine, formed by a 
folding of the margins. 

Fig. 286.— Cordate or cordiform petal of Genista candicans. o, The claw. I, The limb. 
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from monopetalous {% 376). In general, the corolla consists of several 
petals, equalling the sepals in number, or being some multiple of 
them. When this is the case, the floral envelopes are said to be sym- 
metrical ; when, however, by the abortion of some of the petals the 
numbers do not correspond, then the flower becomes unsjpnmetricaL 
When alluding to the general symmetry of the flower, the various 
changes produced by some petals being undeveloped will be considered. 
A corolla is dipetaious , tripetalous , tetrapetalous , or pentapcUdous, accord- 
ing as it lias two, three, four, or five separate petals. 

376. The general name of polypctalous (tfoXvs, many), is given to 
corollas having separate petals, while monopetalous or gamopetalous 
(ftovog, one, and yapog, union) is applied to those in which the petals 
are united. This union usually takes place at the base, and extends 
more or less towards the apex ; in Phyteuma, the petals are united at 
their apices also. In some polypctalous corollas, as that of the Vine, 
in which the petals are separate at the base, they adhere by their 
apices. That a monopetalous corolla consists of several petals united, 
is shown in such cases as Phlox amccna, some specimens of which have 
the petals more or less completely disunited, while others exhibit the 
normal form of coherent petals. When the petals are equal as regards 
their development and size, the corolla is regular; when unequal, it is 
irregular . Even although the separate petals are oblique, still, if they 
are all equally so, as in many Malvaceae with twisted aestivation, the 
corolla is regular. The size of the corolla as compared with the 
calyx, the number, direction, and form of its parts, and then* relation 


to the axis of the plant, require attention. 

377. When a corolla is monopetalous, it 
usually happens that the claws, or the lower 
parts of the petals, are united into a tube 
(figs. 287 288 0, while the upper parts are 
either free or partially united, so as to forma 
common limb (fig. 287 l ), the two portions 
being separated by th ofaux or throat , which 
often exhibits a distinct contraction or ex- 
pansion. The number of parts forming 
such a corolla can be determined by the 
divisions, as by the number of teeth, 
cremations, fissures, or partitions ; or if, as 
randy happens, the corolla is entire, by the 
venation. The union may be equal among 
the parts, or some may unite more than 




Elg. 287.— Regular monopetalous or gamopetalous tubular corolla of Spigelia marylandica. 
e } Calyx, t, Tube of tlie corolla. 1, Limb of the corolla, s, Summit of style and stigma. 

Eig, 288. — Irregular gamopetalous or monopetalous corolla of Digitalis purpurea, or Foxglove, 
r, Calyx, p, Corolla, t, Tube. I, Limb. 
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others, leaving gaps between the united portions. Sometimes the 
tubular portion is bent, as in Lycopsis ; at other times the limb is 
curved at its apex, as in Lamium. 

378. Regular Polypetalous Corollas. — Among them may be noticed 
the rosaceous corolla, in which there are five spreading petals, having 



no claws, and arranged as in the single Rose (fig. 289) and Potentilla; 
the caryophyllaceons corolla, in which there are five petals with long 

narrow tapering claws, as in many 
of the Pink tribe (figs. 290, 281); 
the alsinaceous , where the claw is 
less narrow, and there are distinct 
spaces between the petals, as in some 
species of Chick weed ; cruciform , 
having four petals, often unguiculate, 
placed opposite in the form of a 
cross, as seen in Wallflower (fig. 
291), and other plants called cruci- 
ferous (crux, a cross, and fero , to bear). 

379. Irregular Polypetalonm Corollas. — The most marked of these 
is the papilionaceous (fig. 292), in which there are five petals ; one 
superior (or posterior), turned next to the axis, usually larger than the 
rest, e, and folded over them in aestivation, called the vcxillwn or stan- 
dard; two lateral, a , the ala? or wings ; two inferior (or anterior), partially 



Fig. 289. — Polype talons flower of Rosa rubiginosa, or the Sweet-brier, b, Bract or floral leaf. 
e t, Tube of calyx, which forms the conspicuous part of what is commonly called the fruit 
c/i c /, c f e f Sepals or follola of the calyx, p p p p, Petals, without a claw, c, Stamens attached 
to the calyx. 

Fig. 290. — Polypetalous flower of Dianthns monspessulamts. b, Bracts, c, Calyx, pp, Petals 
with their claws, o, approximated so as to form a tube. 

Fig. 291.— Cruciferous flower of Cheiranthus Obeiri, or Wallflower, c, Lobes of the sepals; the 
two external sepals being prolonged inforiorly, so as to form a sort of spur or swelling, pp, The 
four petals arranged like a cross. The four longer stamens, the summits of the anthers being 
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or completely covered by the alas, and often united slightly by their 
lower margins, so as to form a single keel-like piece, 5, called carina, 
or keel, which embraces the essential organs. Tins 
corolla occurs in the Leguminous plants of Bri- 
tain, or those plants which have flowers like the 
pea. Among the irregular polypetalous corollas 
might be included the orchidaceous , although it is, 
properly speaking, the perianth of an Endogen. 

This perianth consists of three outer portions 
equivalent to the calyx, and three inner alternat- 
ing with them, constituting the petals. The latter 
are often very irregular, some being spurred, 
others hooded, &c. ; and there is always one, called the labellum or lip, 
which presents a remarkable development, and gives rise to many of 
the anomalous forms exhibited by these flowers. 

380. Regular Ronopetaloag or Gamopetalous Corollas. — These are 
sometimes campanulas or bell-shaped l as in Campanula rotundifolia (fig. 
293); infundibuliforrn or funnel-shaped, when the tube is like an inverted 
cone, and the limb becomes more expanded at the apex, as in Tobacco 
(fig. 294) ; hypocrateriform or salver-shaped , when there is a straight 
tube surmounted by a flat spreading limb, as in Primula (fig. 295) ; 




293 294 295 296 

tubular , having a long cylindrical tube, appearing continuous with the 
limb, as in Spigelia (fig. 287), and Comfrey (fig. 296) ; rotate or wheel- 


Pig. 292. — Irregular polypetalous corolla hi the papilionaceous flower of Lathyrus odoratus, 
or Sweet-pea. c, Calyx, e, Vexillum or standard, a, Two ala' or wings, b, Carina or keel, 
formed of two petals. 

Fig 293. — Regular monopetalous or gamopctalous campanulate or bell-shaped corolla or 
Campanula rotundifolia. c, Calyx, b Limb of corolla, s. Stigma. 

Fig. 294. — Regular monopetalous or gamopctalous iufundibulifonu corolla of Nicotian* Taba~ 
cum, or Tobacco. The letters as in fig. 293, ^ 

Fig. 295.— Regular monopetalous or gamopctalous hypocrateriform corolla of Primula elatior, 
or Oxlip. c. Calyx, v Corolla, t Tube. l y Limb, a , Anthers. 

Fig. 296.— Regular gamopctalous tubular corolla of Symphytum officinale, or common Comney. 
c, Calyx, t, Tube of corolla. I, Limb. «, Stigma. r, External depressed surface of folds which 
project into the tube of the corolla. 
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when the tube is very short, and the limb flat and spreading, 
as in Myosotis (fig. 297) ; when the divisions of the rotate corolla are 
very acute, as in Galium, it is sometimes called stellate or star-like; 
urceolate or urn-shaped , when there is scarcely any limb, and the tube 
is narrow at both ends, and expanded in the middle, as in Erica 
einerea (fig. 298). Some of these forms may become irregular in 
consequence of certain parts being more developed than others. Thus, 
in Veronica, the rotate corolla 1ms one division much smaller than the 
rest, and in Digitalis there is a slightly irregular campanulate corolla 
(fig. 288), which some have called digitalifonn. 



381. Irregular Honopetalons or Gamopetalous Corollas. — Among 
these may be remarked the labiate or lipped (fig, 299), having two 
divisions of the limb in the form of what are called labia or lips 
(from a fancied resemblance to a mouth), the upper one composed 
usually of two pieces, and the lower of three, separated by a hiatus or 
gap, l In such cases the tube varies in length, and the parts of the 
calyx follow the reverse order in their union, two sepals being united 
in the lower lip, and three in the upper. When the upper lip of a 
labiate corolla is much arched, and the lips separated by a distinct 
gap, it is called ringent ( ringor , to grin). The Labiate corolla charac- 
terizes the natural order Labiata?. In Lobelia, there is a Labiate corolla, 
the upper lip of which becomes convex superiorly, and is split to near 
the base. When the lower lip is pressed against the upper, so as to 
leave only a chink or rictus between them, the corolla is said to be 
persemate or masked ( persona , , a mask), as in Frogsmouth, Snapdragon, 
and some other Scrophulariaceas (fig. 300), and the projecting portion, 


Fig. 297. — Regular gauuopetaloua rotate corolla of Myosotis palustris, or Forget-me-not. c, 
Calyx. p f Corolla, r, Fold* of the corolla, forming projections at the upper part of the tube, 
which are opposite to the lobes of the corolla. 

Fig. 298. — Regular gamopctalous urceolate or urn-shaped corolla of Erica einerea, or cross- 
leaved Heath. Letters os in fig. 295. 

Fig. 299.— Irregular g&mopetalous labiate or lipped corolla of Salvia pratansis. c, Calyx. 
t f Tube of corolla. I, Limb, forming two lips, having a gap or hiatus between them, s, Sum- 
mit of style. 

Fig. 300.— Irregular gamopotalous personate or masked corolla of Antirrhinum majua, or 
Frogsmouth. c, Calyx, i, Tube of corolla, having a gibbosity or swelling, a, at its base. I, Limb 
of corolla, a. The mux or mouth closed by a projection of the lower lip, p, 
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p 1 of the lower lip is called the palate . In some corollas the two lips 
become hollowed out in a remarkable manner, as in Calceolaria, assum- 
ing a slipper-like appearance, similar to what occurs in the labellum 
of some Orchids, as Cypripedium. Such calceolate ( calceolus , a slipper) 
corollas, may be considered as consisting of two slipper-like lips. 

382. When a tubular corolla is split in such a way as to form a strap- 
like process on one side with several tooth-like projections at its apex, 
it becomes ligulate ( ligula , a little tongue), or i strap- 
shaped (fig. 301). This corolla occurs in many 
composite plants, as in the florets of Dandelion, 

Daisy, and Chiceory. The number of divisions 
at the apex indicates the number of united petals, 
some of which, however, may be abortive. Occa- 
sionally, some of the petals become more united than 
others, and then this corolla assumes a bilabiate or 
two- lipped form. In Composite there are often 
two kinds of florets associated in the same head. 

Thus, in the Daisy, there are irregular ligulate 
white florets on the outside or in the ray, while 
there are regular tubular yellow florets in the centre 
or disc. In Scawola and in Honeysuckle, the corolla 
is split down to its base, so as to resemble somewhat 
the ligulate form. 

383. Sectaries and Anomalies In Petals. — Certain 
abnormal appearances occur in the petals of some 
flowers, which received in former days the name of nectaries. The 
term nectary was very vaguely applied by Linnaeus to any part of 
the flower which presented an unusual aspect, as the 
crown of Narcissus, the processes of the Passion-flower, 

&c. If the name is retained, it ought properly to in- 
clude only those portions which secrete a honey-like 
matter, as the glandular depression at the base of the 
perianth of the Fritillary (fig. 302 w), or on the petal of 
Ranuncul us, or on the stamens of Uutacese. Some say that 
in all flowers there is an apparatus for secreting honey 
connected with the essential organs of the flower, and 
in some way concerned in fertilization, and the nourish- 
ment of the young seeds. This opinion is particularly 
supported by Vaucher and Bravais. The sap of Zea 
Mais is said to contain much saccharine matter before 
flowering, which ultimately passes to the flower, and 




802 


Fig. 301.— Irregular gamopetalous ligulate floret of Catanancbe csnralea. c, Calyx, with a 
quinquefld limb united inferiorly with the ovary, o . e, Stamens with united anthers, a, (synath 
therous or syngriisUms.) surrounding the style, s, with its bifid stigma. 

Fig. 302. — One of the segments, s, of the perianth of FritiUaria imperial!**, or Crown Imperial, 
with a pit or depression, r. at its base, containing honey-like matter. The cavity is coloured 
differently from the rest of the segment, and it Is often called a nectary, or a nectariferous gland. 
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disappears from the rest of the plant. What have usually, however, 
been called Nectaries, are mere modifications of some part- of the flower, 
produced either by degeneration, or by a process of dilamination ( dis, 
separate, and lamina, a blade), or chorization to separate). 

This process, called unlining by Lindley, and deduplication by Henfrey, 
consists in the separation of a layer from the inner side of a petal, 
either presenting a peculiar form, or resembling the part from which 
it is derived. The parts thus produced are not alternate with the 
petals or the segments of the corolla, but opposite to them. In these 
cases, the petals at the lower part consist of one piece, but where 
the limb and claw separate, or where the tube ends, 
the vascular layer splits into two, and thus two 
lamina? are formed, posteriorly and anteriorly, one 
of which is generally less developed than the other. 
These dilaminated scales are well seen in Lychnis (fig. 
303 a), Silene, Cynoglossum, and Ranunculus, and 
may be considered as formed in the same way as the 
ligule of grasses (IT 101). Corollas having these scaly 
appendages, are sometimes denominated appendiculate. 
In other cases, as in Cuscuta, the scales are alternate with 
the petals, and are not traced to dilamination. Tins 
system of dilamination has been applied by the French 
botanists to all cases in wliich the parts of whorls be- 
come opposite in place of alternate. Lindley and others, 
however, believing that the law of alternation is the 
normal one, refer such cases in general to an abortion 
of a whorl, or to some peculiar arrestment in development, as will be 
shown under the section of Morphology and Symmetry. 

384. In general, the parts called Nectaries, are to be 
considered as merely modifications of the corolla or 
stamens. Tlius, the horn-like nectaries under the 
galeate sepal of Aconite (fig. 284 p), are modified 
petals, so also the tubular nectaries of Hellebore. The 
nectaries of Menyanthes and of Iris, consist of hairs 
developed on the petals. Those of Pamassia (fig. 304 
n\ and of the Passion-flower, Stapelia, Asclepias, and 
Canna, are fringes, rays, and processes, which are 
apparently modifications of stamens, and some consider 
the crown of Narcissus as consisting of a membrane 
similar to that which unites the stamens in Pancratium. 
It is sometimes difficult to say whether these nectaries 

Pig. 808. — Petal of Lychnis fill gens, seen on its inner side, o, Claw. l , Limb, a, An appen- 
dage formed by dilamination or chorization. This appendage has been called a nectary. 

Fig. 804. — Petal, p, of Parn&ssia palustris, or grass of Parnassus, with a nectary, n, which ap- 
pears to he an abortive state of some of the stamens. 
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are to be referred to the row of the corolla or of the stamens. The 
paraphyses of the Passion-flower, the crown of Narcissus, and the 
coronet of Stapelia, are referred sometimes to the one and sometimes 
to the other. In general, they may be said to belong to that series 
with which they are immediately connected. Some have attempted 
to give names according to the parts of which they are modifications, 
by prefixing the term para (cragcfe, beside, or close to), and speaking 
of paracorolla and parastemones. 

385. Petals are attached to the axis usually by a narrow base, but 
occasionally the base is larger than the limb, as in the Orange flower. 
When this attachment takes place by an articulation, the petals fall off 
either immediately after expansion (caducous), or after fertilization 
( deciduous ). A corolla or petals which are continuous with the axis 
and not articulated, as Campanula, Heaths, &c., may be persistent, and 
remain in a withered or marcescent state while the fruit is forming. 
A gamopetalous corolla always falls oft* in one piece. Sometimes the 
base of the corolla remains persistent, as in lihinanthus and Oro- 
banche. 

386. Development of Floral Envelopes. — The floral envelopes, when 
monosepalous and monopetalous, first appear in the form of a ring, 
whence various cellular projections arise, constituting the sepals and 
petals; when they are polysepalous and polypetalous, the ring is 
wanting. Even when the parts become ultimately 
unequal, as in Digitalis (fig. 288), they form equal 
cellular papilla?, when first developed (fig. 305). Bar- 
neoud has shown this in the irregular Kanunculaceas, 

Violaceas, Orchidaee©, Labiate, Scropliulariacese, 

Leguminos&, and Polygalaceae. 

387. In Begoniaceai, the floral envelope at first 
appears as a continuous ring, having five very equal 
small segments; some of these, especially in the 
male flowers, disappear entirely or become atrophied. All the obser- 
vations of Barneoud confirm Decandolle’s statement, that irregular 
flowers are to be referred to regular types, from which they seem to 
have degenerated. There appear to be three principal kinds of irre- 
gularity among corollas: — 1. Irregularity by simple inequality of 
development of the several segments, often dong with adhesion or 
atrophy, or arrest of growth : this is the most common kind. 2. Irre- 
gularity of deviation, when the segments, though equal, turn all to 
the same side, as in ligulate florets. 3. Irregularity by simple meta- 
morphosis of stamina, as in Canna. The irregular corollas of Acan- 
tliaceas, Bignoniacea?, Gesncracece, Lobeliacea?, and Scrophulariaceee, are 
formed at first in a regular manner by equal projections from a sort of 

Fig. 80S. — Bud of the irregular gamopetalous flower of Digitalis purpurea, c Calyx, p, Corolla, 
viuch in its early development is regular, e, The stamens at first projecting beyond the corolla. 
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cup or ring. Even in Calceolaria, there is at first a seooped-out cup, 
with four regular and very minute teeth, which are ultimately developed 
as the corolla ; the nascent calyx having also four divisions. 

Inner Floral Whorls y or the Essential Organs of Reproduction. 

388. These organs are the stamens and the pistil, the latter contain- 
ing the seeds or germs of young plants, and corresponding to the 
female, while the former produces a powder necessary for fecundation, 
and is looked upon as performing the part of the male. The presence 
of both is required in order that perfect seed may be produced. A 
flower may have a calyx and corolla, and yet be imperfect if the essen- 
tial organs are not present. The name of hennaphrodite is given to 
flowers in which both these organs are found ; that of unisexual (one 
sex), or diclinous (dig, twice, and TiXtvv), a bed), to those in which 
only one of these organs appears, — those bearing stamens only, being 
staminiferous (stamen, a stamen, and fero, to bear), or male ; those 
having the pistil only, pistilliferous (pistilhun, a pistil, and fero, to bear), 
or female. 

389. The absence of one of the organs is due to abortion or non- 
development. When in the same plant there are unisexual flowers, 
both male and female, the plant is said to be monoecious (fMovog, one, and 
birJov, habitation), as in the Hazel and Castor oil plant ; when the male 
and female flowers of a species are found on separate plants, the term 
dioecious (big, twice) is applied, as in Mercuriaiis and Hemp; and when 
a species has male, female, and hermaphrodite flowers on the same or 
different plants, it is polygamous (xo\vg, many, and yapog, marriage). 
The term agamous (a, privative, and yapog, marriage) has sometimes 
been applied to Cryptogamic plants, from the supposed absence of any 
bodies truly representing the stamens and pistil. 

390. Stamens. — The stamens (stamina) arise from the thalamus or 
torus within the petals, forming one or more verticils or whorls, which 
collectively constitute the androenwm (dvr^ a male, and or/Jov, habita- 
tion), or the male organs of the plant. Their normal position is below 
the inner whorl or the pistil, and when they are so placed (fig. 306 e), 
they are hypogynous (vko, under, and ywy, female or pistil). Some- 
times they become united to the petals or epipetalous (stt/, upon, and 
erstdkov, a leaf), and the insertion of both is looked upon as similar, 
so that they are still hypogynous, provided they are independent of 
the calyx and the pistil. In fig. 307, the stamens, e, and the petals,^?, 
are both below the pistil or ovary, o, and separate both from it and 
the calyx, c, and are therefore hypogynous ; when the stamens are 
inserted on the calyx, that is, become united to it to a greater or less 
height above the base of the pistil, then they become lateral as it were 
in regard to it, and are perigynous (vspI, around). This is shown in the 
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flower of almond (fig. 308), in which the petals, jr>, and the stamens, e, 
are united to the calyx, c, while the pistil is free. When the union 
of the parts of the flower is such that the stamens are inserted upon 



the ovary, they are epif/t/noiis («r/, upon or above). In this case, the 
whorls are usually so incorporated, that the stamens appear also to 
come from the calyx. In Aralia spinosa (fig. 309), all the whorls, 
calyx, <?, petals, 7 ?, and stamens, e, are united to the pistil, and the two 
latter whorls appear to arise from the point 
where the calyx joins the upper part of the 
pistil. These arrangements of parts have 
given rise to certain divisions in classification, 
to be afterwards particularly noticed. Dc- 
candolle, for instance, applies the term thala- 
miftorcp , to plants haA r ing the parts of the 
corolla and androecium independent of each 
other, and all the whorls inserted immediately 
into the torus or thalamus; ealycijlom , to those where the petals are 
separate, and the stamens are inserted directly on the calyx ; corolli- 
flom , to those in which the united petals bear the stamens. 



Fig. 806.— Central part of the flower of Liriodendroo tulipifera, tlie tulip-tree, composed of 
carpels, c c, which together form the pistil. They cover the upper part of the axis, a, and below 
them are Inserted numerous stamens, some of which are seen, « e. These stamens are hypogy- 
nons and extrorse. 

Fig. 807. — Section of a flower of Geranium robertianum. cc, Calyx, p. Petals, e, Stamens. 
Pistil composed of ovary, o, and Btyle and stigmata, 8, t, Tonis or thalamus. The petals and 
stamens are hypogynous, and the latter are monadelphons. 

Fig, 306. — Section of the flower of the Almond-tree, The letters indicate the same parts as 
in tlie last figure. The petals and stamens arc peri gy nous. The pistil is free. 

Fig, 309.—8ectlon of the flower of Aralia spinosa. Letters as in last figure. The petals ana 
stamens are eplgynons, attached to a large disk, d, which covers the summit of the ovary. The 
ovary is adherent to the calyx* and has been laid open to show its loculaments and pendulous 
ovules. 
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391, The stamens vary in number, from one to many hundred, 
like the other parts of the flower, they are modified leaves, resembling 
them in their structure, development, and arrangement. They consist 
of cellular and vascular tissue. They appear at first in the form of 
cellular projections, and are arranged in a more or less spiral form. 
In their general aspect they have a greater resemblance to petals than 
to the leaves, and there is often seen a gradual transition from petals 
to stamens. Thus, in Nymphsea alba, or the White Water-lily (fig. 
310, 2), c represents a sepal, which gradually passes into the petals, 



and these in their turn become modified so as to form the stamens, e, 
which are more or less perfect as we proceed from without inwards, 
or from 1 to 5. Wien flowers become double by cultivation, the 
stamens are converted into petals, as in the Pseony, Camellia, Pose, 
Anemone, and Tulip ; and in these instances, the changes from one 
to the other may be traced in the same way as in the Water-lily. 

392. When there is only one whorl, the stamens are usually equal 
in number to the sepals or petals, and are arranged opposite to the 
former, and alternate with the latter. The flower is then isostemonous 
(/ffog, equal, and a stamen). When the stamens are not equal 

in number to the sepals or petals, the floiver is anisostemonom (avmg, 
unequal). When there Is more than one whorl of stamens, then the 
parts of each successive whorl are alternate with those preceding it. 
The stamina! row is more liable to multiplication of parts than the 
outer whorls. If the stamens are double the sepals or petals as regards 
number, the flower is dipbstemomus (bjnhoog, double) ; if more than 
double, polystmonous (wo. At)$, many). In general, when the stamens 


Fig. 810, 1,— Flower of Nymphsea alba, or White Water-lily. ccoc f The four foliola of the 
calyx or sepals, p p pp, Petals, e, Stamens, s, Pistil 
Fig. 810, 2.— Parts of the flower separated to show the transition from the green sepals of the 
calyx, c, and the white petals of the corolla, p, to the stamens, «. The latter present changes 
from their perfect state, 5, through intermediate forms, 4, 3, 2, and 1, which^graduaily resemble 
the petals. 
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are normally developed, and are more numerous than the sepals and 
petals, they will be found arranged in several whorls, and their parts 
multiples of the floral envelopes. Thus, if a flower has five sepals, five 
petals, and twenty stamens, the latter are arranged in four alternate 
rows, having five in each. Although this is the usual law, yet various 
changes take place by abortion and arrestment of development. In 
this way the stamens may neither be equal to, nor a multiple of, the 
floral envelopes, and they may even be less numerous, so that the flower 
is miostenumous (/Zrg/euv, less). 

393. In certain cases, as in Primula, the row of stamens is opposite 
to the petals forming the gamopetalous corolla. This opposition is by 
many looked upon as caused by the non-appearance of an outer row 
of stamens ; by others it is considered as produced by c-horization or 
separation of lamina?, from the petals, which become altered so as to 
form stamens, a view which is thought to be confirmed by their de- 
velopment taking place before the petals ; by a third party, each petal 
is looked upon when fully developed as formed by the halves of two 
contiguous petals, and thus the stamens are considered as being really 
alternate with the original petals. 

394. Wien the stamens are under twenty, they are called definite , 
and the flower is oliijamlrons (oXiyog, few, and avrjg, male or stamen) ; 
when above twenty, they are indefinite or pohjamlrom (croXi);, many), 
and are marked oo. The number of stamens is indicated by the Greek 
numerals prefixed to the term environs : a flower with one stamen be- 
ing mmandrous (fiovog, one) ; with two, d kin dr on s (dig, twice) ; with 
three, triandrous (rgg/j?, three) ; with four, tetrandrons (rergdg, four) ; 
with five, pentandrom (vsvre, five); with six, hexandrous (fj, six); with 
seven, heptandrous (evrd, seven); with eight, octaiulrovs (oxrd, eight); 
with nine, enneandrom (sWa, nine) ; with ten, decandrovs (hixa, ten) ; 
with twelve, dodemndrous (dud gxa, tw r elve). These terms will be 
referred to w T hen treating of the Linrnean system of classification. 

395. A stamen consists of two parts — a contracted portion, usually 
thread-like, equivalent to the petiole of the leaf, and termed the fila- 
ment {filling a thread); and a broader portion, representing the folded 
blade of the leaf, termed the anther (dvdygog, belonging to a flower), 
which contains a powdery matter, called pollen . The filament is no 
more essential to the stamen than the petiole is to the leaf, or the claw r 
to the petal. If the anther is absent, the stamen is abortive, and can- 
not perform its functions. The anther is developed before the fila- 
ment, and when the latter is not produced the anther is sessile (sessilis, 
sitting), or has no stalk, as in the Misleto. 

396. The filament, when structurally considered, is found to consist 
of a thin epidermis, on which occasionally stomata and hairs occur, 
and of a layer of cellular tissue enclosing a bundle of spiral vessels, 
which traverses its whole length, and terminates at the union between 
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the filament and the anther. The filaments of Calfitriche vema are 
said to have no vessels. The filament is usually, as its name imports, 
filiform or thread-like, cylindrical, or slightly tapering towards its 
summit. It is often, however, thickened, compressed, and flattened 
in various ways. It sometimes assumes the appearance of a petal, or 
becomes petaloid (crsra'ko v, a leaf or petal, and sTdog, form), as in Ganna, 
Maranta, Nympluea alba (fig. 310, 2); occasionally it is subulate 
(, subula , an awl), or slightly broadened at the base, and drawn out into 
a point like an awl, as in Butomus umbel lat.us ; and at 

J other times it is clavate (< clam , a club), or narrow below 
H and broad above, like the club of Hercules, as in Thalic- 
ft trum. In place of tapering, it happens, in some in- 
| stances, as in Tamarix gallica (fig. 811), Peganum 
I Hormaia, and Campanula, that the base of the filament 
| is dilated much, and ends suddenly in a narrow thread- 
J\ like portion. In these cases, the base may represent 
$ the sheath or vagina ol* the petiole, and, like it, may 

^ 311 ^ give off sti pulary processes in a lateral direction. Some- 
times the filament is forked, or divided at the apex into 
branches or teeth. In Allium there are three teeth, the ceutral one 
of which bears the anther. 

397. The filament varies much in length and in firmness. The 
length bears a relation to that of the pistil, and to the position of the 
flower, whether erect or drooping ; the object being to bring the an- 
ther into more or less immediate contact with the upper part of the 
pistil, so as to allow the pollen to be scattered on it. The filament is 
usually of sufficient solidity to support the anther in an erect position; 
but. sometimes, as in Grasses, Liltorella, and Plan ta go, it is very deli- 
cate and capillary ( capillus , a hair), or hair-like, so that the anther is 
pendulous. The filament is usually continuous from one end to the 
other, but in some cases it is bent or jointed, becoming geniculate 
(genu, a knee); at other times, as in the Pellitory, it is spiral. It is 
frequently colourless; but, in many instances, it. exhibits different 
colours. In Fuchsia and Poinciana, it is red ; in Adarnia and Trades- 
cantia virginica, blue ; in (Enothera and Ranunculus acris, yellow. 

398. Hairs, scales, teeth, or processes of different kinds, are some- 
times developed on the filament. In Tradescantia virginica, or Spider- 
wort, the hairs are beautifully coloured, and moniliform ( monile , a 
necklace) or necklace-like. These hairs exhibit movements of rotation 
(f 278). Such a filament is bearded or stupose (stupa, tow). At the 
base of the filament, certain glandular or scaly appendages are occa- 
sionally produced, either on its internal or external surface. These 
may be either parts of a whorl, to be afterwards noticed under the 

Fig. 311. — Tim?# out of the ten stamens of Tamarix gallica, united together by the dilated 
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name of the Disk, or separate prolongations from the filament itself. 
In fig. 313, a represents such a staminiferous appendage found on 


the inner side of the base of the filament, /, 
which is hence called appendiculate , or some- 
times strumose ( [struma , a swelling). The pro- 
cesses noticed in the Boraginaceae as modified 
petals (fig. 312 «), may be considered exter- 
nal appendages of the filaments, the stamen 
being regarded as the lamina of a petal. 

399. Filaments are usually articulated to 
the torus, and the stamen falls oil' after fertili- 
zation; but in Campanula and other plants, 
they are continuous with the torus, and the 
stamen remains persistent, although in a 
withered state. Certain changes are pro- 
duced in the whorl of stamens by adhesion 
of the filaments to a greater or less extent, 



while the anthers remain free; thus, all the filaments of the An- 


droeeium may unite, forming a tube round the pistil (fig. 307 e), or 
a central bundle 
when the pistil is 
abortive (fig. 314, 

1), the stamens be- 
coming monad dphous 
{ftovoG, one, and ubz\- 



<pbg, brother), as oc- 
curs in Geranium (fig. 
307), Malva, Hibis- 
cus, and 4 atropha 
(•ureas (fig. 314, 1); 
or they may unite so 
as to form two bun- 
dles, the stamens be- 
ing diadelphous (dig, 
twice), as in Poly gala, 
Fumaria, and Pea; 
in this case the, bun- 



314, 1 



Pig. 312. — Stamen oT Borago officinalis, /, Appendiculate filament, a, Appendage prolonged 
in the form of a horn-like process. I, Lobes of the anther. 

Fig. 313. — Stamen of Zygophyllmn fnbago. J\ Filament, connected with a broad scaly ap- 
pendage, a. 

Pig. 314. — Male or staminiferous dower (1), and female or pistilliferous flower (‘2\ of Jatroplva 
f ureas, c, Calyx, p, Corolla, c, Stamens united by filaments occupying the centre in flower 1, 
in consequence of the suppression of the pistil, p, Pistil in flower % composed of ovary, 0 , with 
three hifid styles at its summit, a, Bmail glandular appendages alternating with the divisions 
of the corolla. Above each of the flowers is a diagram representing the order m which the dif- 
ferent parts of the flower arc arranged. In diagram 1 are represented five parts of the calyx, 
five of the corolla, two rows of stamens, five in each. In diagram 2, the staminal rows are abor- 
tive, and there are three carpels, forming the pistil, in the centre. 
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dies may be equal or unequal. It frequently happens, especially in 
Papilionaceous flowers, that out of ten stamens, nine are united by 
their filaments, while one (the posterior one) is 



tree. When filaments form three or more bun- 
dles, the stamens are triadelphom (rgs/£, three), 
as in Hypericum tegyptiacum (fig, 315), or polya- 
delphous (mXvg, many), as in Luhea paniculata 
(fig. 336, 1), or in Ricinus communis (fig. 317, 
1). The union of the filaments takes place some* 
times at the base only, as in Tamarix gallica (fig. 
313 ) ; at other times it extends throughout their 
whole length, so that the bundles assume a 
columnar form. In certain cases, the cohesion 
extends to near the apex, forming what Mirbel 
calls an androphore {avng, male or stamen, and 


fogs to, to bear), or a column which divides into terminal branches, each 
bearing an anther (fig. 315, fe). Occasionally, some filaments are 


united higher up than others, and thus a kind of compound brandling 


is produced (fig. 317, 2). In Pancratium, the filaments are united by 


a membrane, which may be considered as corresponding to the crown 



316,1 


316, 2 317, 2 817, 1 


400. Filaments sometimes are united with the pistil, forming a 
columm or column, as in Stylidium, Asclopiadacea?, Rafflcsia, and Or* 
chidacea?. The column is called gynostemium (yuv^ pistil, and 
stamen), and the flowers are denominated gynandrous (yvvr h pistil, and 
‘ ftig, male or stamen). 


Fig. 315.— Triadelphons stamens of Hypericum legyptiacuin surrounding the pistil, o. 
//, United filaments forming columns, e e, Anthers, free. The outer envelope of the tiower has 
been removed, the essential organs alone being left. 

Fig. 316.— 1. Flower of Lnhea paniculate, cccc, Segments of calyx, pp, Petals, ee. Sta- 
mens grouped in bundles, which alternate with the petals. #, Stigma, composed of five parts, 
indicating the union of five carpels. 2. One of the staminal bundles magnified, showing all the 
filaments united into a single mass at the base, hut separating superiorly, fa, The larger In- 
ternal filaments, each ending in an anther, fs, The shorter outer ones, sterile and abortive. 

Fig. 317.— 1. Male flower of Kicinua communis, or Castor oil plant, consisting of a calyx, t, 
composed of five refluxed sepals, and of stamens, e t united by their filaments so as to form many 
bundles, thus being polyadelphous. 2. One of the staminal bundles,/, branching above, so as to 
leave the anthers free and separate. 
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401. In the case of certain Achlamydeous (If 351) flowers, as 
Euphorbia, with only one stamen developed, there is the appearance 
of a jointed filament hearing one anther. This, however, is not a true 
filament, but a peduncle with a single stamen attached to it, as proved 
by the fact, that in some species of Euphorbia one or more verticils are 
produced at the joint. Thus the so-called anther is in reality a single 
flower supported on a stalk, all the parts being abortive, except a 
solitary stamen. 

402. The Anther corresponds to the blade of the leal*, and consists 
of lobes or cavities containing minute powdery matter, called pollen, 
which, when mature, is discharged by a fissure or opening of some 
sort. The anther-lobes may be considered as formed by the two halves 
of the lamina, their back corresponding to the under surface, and their 
face to the upper surface, united by the midrib, the pollen being cellular 
tissue, and the fissure of the anther taking place at the margin, which, 
however, is often turned towards the face. In this Anew, the two 
cavities which are found to exist in each lobe, may correspond with 
the upper and under layer of cells, separated by a septum equivalent 
to the fibro-vascular layer of the loaf. Others view the anther as 
formed by each half of the lamina being folded upon itself, so that the 
outer surface of both face and back corresponds to the lower side of the 
leaf, and the septum dividing each cavity into two is formed by the 
upper surfaces of the folded half united. 

403. There is a double covering of the anther — the outer, or exo- 
ihecmm (s£«, outwards, and dr,7Ctov } a covering), resembles the epider- 
mis, and often presents stomata and projections of different kinds (fig. 
318 c e) ; the, inner, or endotheciuni (L'kSov, 
within), is formed by a layer or layers of 
fibro-cel lular tissue (fig. 318 cf), the cells 
of which have a spiral (tig. 23), annular (fig. 

24), or reticulated (fig. 25) fibre in their in- 
terior. This internal lining varies in thick- 
ness, generally becoming thinner towards the 
part where the anther opens, and there disappears entirely. The 
membrane of the cells is frequently absorbed, so that when the author 
attains maturity the fibres are alone left, and these by their elasticity 
assist in discharging the pollen. 

404. The anther is developed before the filament, and is always 
sessile in the first instance. It appears in the form of a small cellular 
projection, containing a mass of mucilaginous cells (fig. 319). In the 
progicss of growth, certain grooves and markings appear on its sur- 
face, and its interior becomes hollowed out into two marked cavities, 

Fig. 818. — Transverse section of a portion of the eovorhvr of the anther of ( !ol>;ea scan dens 

the period of dehiscence, e e, Exothochun, or external layer, consisting ol epidermal cells . 
r \t, Kndotlieclum, or inner layer, coinjwsed of spiral cells or inenchyrna. 
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containing a mucilaginous matter (figs. 320, 321). In these cavities 
cells make their appearance — the outer small (figs. 320, 321, c p), 
forming ultimately the endothecium (fig. 318 cf)\ the intenor layer 
ibrming cells in which the pollen is produced (figs. 320, 321, up). 



320 


As the cavities become larger, the layer of cells (figs. 320, 321, c i), 
between the endothecium, c p 1 and (‘xothecium, ce, is gradually absorbed 
more or less completely, forming at first septa in the cavities; and ulti- 
mately the anther assumes its mature form, consisting of two lobes 
with their membranous coverings (fig. 322, /). 



4 Of). Jn the young state there are usually four cavities produced, 
two for each anther lobe, separated by the comt entice^ and each divided 
by the septum, which sometimes remains permanently complete, and 
thus forms a qnmlrilocnlar (< qnutuor , four, and loculus , a pouch or box), 
or ictrathecal (rsrgag, four, and Drjxr h a sac) anther. The four cavities 
are sometimes placed in apposition, as in Poranthera (fig. 323) and 
Tetratheea juneea (fig. 324). and at other times two are placed above 


Kiff. 319. — Transverse section of au air. her of Cucurbit;* IVpo, or Uuiml, taken from a bud 
ab»ut two millimetres. or l-12tli of an Knells)* inch, in length. 

Fi#. 320.— Similar horizontal section from a bud in a morn advanced state. ce, (filter layer 
of cellules (J'Jxothni'ium ), forming the epidermis, c, i, Intermediate layer of cellules in several 
layers, most of which are ultimately absorlxd. c p t internal layer of cells {Kndothtcmut). up, 
Anther cavities filled with la r#e cells, which constitute the first state of the pollen utricles. 

Fi g. 321 . — Similar section in a still more advanced state. The letters have the same mean* 
in" as in the last figure, 

J'ig. S22. — Anther of the Alumnd-tree. Seen in front. ", H cu behind. //, Filament at- 
tached to the connective, <■, by a point. 1 1 , Anther lobes con taming poliun. 
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and two below, as in Persea gratissima (fig. 325 1 1 ). In general, however, 
only two cavities remain in the anther, in consequence of the more or 
less complete removal of the septum, in which case the anther is stud 
to be bilocular (bis, twice), or dither al (dig, twice), as seen in figs. 322, 
326. Sometimes the anther lias a single cavity, and becomes unilocular 
(unus, one), or monothecal (povog, one), by the abortion of one of its 



lobes, as in Styphelin laHa (fig. 327), and Altluva officinalis ( fig. 328). 
Occasionally, there are numerous cavities in the author, as in Viscum 
and Rafflesia. The number of loculi or cavities is only seen when the 
anther opens. 

406. The form of the anther lobes varies. They are generally of a 
more or less oval or elliptical form (figs. 322, 329 /). Sometimes 
they are globular, as in Merenrialis annua (tig. 326); at other times 
linear or elavale (fig. 330), curved (fig. 331), flex nose, sinuose, or an- 
frartuusc ( anfractu? , winding), as in Bryony and Gourd (fig. 332). 
The lobes of the anther are sometimes in contact throughout their 
whole length (tig. 329), at other times they are separate (tigs. 326, 
333). in the former case their extremities may he rounded, forming 
a cordate anther (tig. 322), or the apex may be acute (figs. 312, 


Vig. 32ft. — Qtiiidriloeuljir author, i, of Poranthera, attached b> the* filament, /, and opening at 
the summit by four pores, j>. 

Fig. 324. — Quarlnl(H.‘ii)ar author of Tetratlieea junooa. 1. The author entire, with its four 
loculamonts ending in one opening. 2. Anther cut transversely, showing the four loeuiamonts, 

Fig, 325. — Anther of Persea gratissima, composed of four cavities or loeuhuneiits, 1 1, united 
in pairs, one above tin* other, and opening each by a valve, r. At the base of the filament, /, 
are two glands, fj </, which seem to he alw>rtive stamens. 

Fig. 320.— Pendulous anther lubes, / 1, of Merenrialis annua, supported oil the filament,/, and 
muted by the connective, c. 

. Fig, 827.— Unilocular or monothecal anther of Styphelin beta, one of the Epacridaceee, Been 
in front, and behind, f t Filament. /, Anther. 

Fig. 328.— Unilocular anther of Althaea officinalis, or Marsh mallow. One of the lobes of tho 
anther, l t abortive. /, Filament. 



19C 


ESSENTIAL ORGANS. — STAMENS. 


318); in the latter case the lobes may divide at the base only, and 
end in a sagittate or arrow-like manner (fig. 334 l ) ; or at the apex, 
so as to be bifurcate or forked (fig. 335 p ) ; or qmdnfurcate , doubly 
forked (fig. 83(1 /); or at both base and apex, so as to be forked at 



each extremity, as in Grasses (tig. 337). The cavities of the anther 
are occasionally elongated so as to end in points (fig. 33C /). Some- 
times the lower part of the antherine cavities is obliterated, and they 
degenerate into flattened appendages (fig. 338 a). It happens at 


Fig. 329.— Adnate or adherent anther of Begonia nmnicata, owning by longitudinal dehis- 
cence. I, Anther lobes. /, Filament. 

Fig. 830. — Forked or bifurcate anther, /, of Acalypha alopecuroidea, in the expanded flower. 

Fig. 331— Same anther in the bud, exhibiting a curved form. 

Fig. 332. — Sinuous anther, l , of Bryonia dioicu. /, Filament. 

Fig. 333. — Anther of Salvia officinalis. //, Fertile lobe full of pollen. I s, Barren lobe with- 
out pollen, c, Distractile connective. 

Fig. 334. — Anther of Ncriurn Oleander, with its lobes, 1 1, sagittate at the base, and ending at 
the apex in a long feathery prolongation. 

Fig. 335.— Anther, Z, of Vaednium uliginosum. l , Lobes ending in two pointed extremities 
which open by pores, a, Appendages to the lobes. 

Fig. 336,— Quadrifurcate anther of Gualthorla procuinbens, l, Lobes ending in four points. 

Fig. 837.— Versatile anther of I'oa compressa. /, Filiform filament. I, LoIh.-s separating at 
each cud. 

Fig, 338.— Anther, 1, of Erica cinerea. /, Filament, r, Lolies split partially downwards. 
a. Scale-like prolongations from the bast*. 

Fig. 339. — Anther of Ftemndra pyroidea. 1. Entire anther, seen laterally. 2. Lower halt 
after having been cut transversely. aaa> Antherine appendages. 1 1, Antlier lobes. t, c, Con- 
nective. 



ESSENTIAL OKGANS. — STAMENS. 


197 


times that the surface of the anther presents excrescences in the 
form of warts, awl-shaped pointed bodies (fig. 335 a), or crests (fig. 
339 a). ~ 

407. That part of the anther to which the filament is attached, and 
which is generally towards the petals, is the back, the opposite being 
the face. The division between the lobes is marked on the lace of the 
anther by a groove or furrow, and there is usually on the face a suture, 
indicating the line where the membranous coverings open to discharge* 
the pollen. The suture is often towards one side in consequence of 
the valves being unequal. 

408. The anther lobes are united either by a direct prolongation of 
the filament, or more generally by a body called the connective , con- 
sisting of a mass of cellular tissue different from that contained in the 
filament. In this tissue the. spiral vessels of the latter terminate. 
From the connective a partition or septum extends across each antherine 
loculus, dividing it either partially or completely. The septum some- 
times reaches the suture. When the filament, is continuous with the 
connective, and is prolonged so that the anther lobes appear to be 
united to it throughout, their whole length, and lit* in apposition and 
<jU either side of it, the anther is said to be ad note or adherent (fig. 
329); when the filament ends at tin* base of the anther, 
then tin* latter is innate or evert . In these cases the anther 
is to a greater or less degree fixed. When, however, 
the attachment is very narrow, and an articulation exists, 
tlx * anthers are, then movable, and easily turned by the 
wind. This is well seen in what are called versatile ( mio , 
to turn) anthers, as in Tritotiia, Grasses, &c\ (figs. 230, j\ 

037), where tin* filament is attached only to the middle 
of the connective; ami it may occur also in cases where, 
it is attached to the apex, as in pendulous anthers (fig. 

340). 

409. The connective may unite the anther lobes completely, or only 
partially. It is sometimes very short, and is reduced to a mere point 
(fig. 320), so that the lobes are separate, or free. At other times it is 
prolonged upwards beyond the lobes in the form of a point, as in 
Acalypha (fig. 331 c) ; or of a feathery awn, as in Nerium Oleander 
(fig. 334); or of a conical or tongue-like process (figs. 341, 342 c); or 
of a membranous expansion (fig. 343 c) ; or it is extended back- 
wards and downwards in the form of a spur, as in fig. 343 a ; or 
downwards, as in the case of the flaky appendage in Ticorca febriiuga. 
In Sal v hi officinalis (fig. 333), the connective is attached to the fila- 
ment in a horizontal manner, so as to separate the two anther lobes, 
and then it is called distract'd e (dis, separate, and traho , to draw). 

Flyj. ,340. — Pendulous anther, l, of Pyrola rotnndifolia. The anther is suspended from the 
summit of the lilomeut,/, and opens at its apex by two pores, p. 
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In Stacliys, the connective is expanded laterally, so as to unite the 
bases of the antherine lobes, and bring them into a horizontal line. 



410. The opening of the anthers to disci large their contents is 
denominated dehiscence (dehisco, to open). This takes place either by 
< '.lefts, by hinges, or by pores. When the anther lobes are erect, the 
cleft takes place lengthwise along the lino of the suture, constituting 
bmjitndimd dehiscence (tigs. 022, 329, 342). At other times, the slit 
takes place in a horizontal manner, from the connective to the side, as 
in Alchemilla arvensis, and in Lenina, where the dehiscence is trans- 
verse. When the anther lobes are rendered horizontal by the enlarge- 
ment of the connective (figs. 32<S,344fn/),th< > u what is really longitudinal 
dehiscence may appear to be transverse. In other 
eases (tig. 344 a g), when the lobes are united 
at the base, the fissure in each of them may be 
continuous, and the two lobes may appear as one. 

411. The cleft does not always proceed the 
whole length of the anther lobe at once, but often 
for a time it extends only partially (figs. 343, 2, 
338). In other instances the opening is confined 
to the base or apex, each loculament ( loculus ) 
opening by a single pore, as in Pyrola (fig. 340), 
Vaccinium (fig. 333), and Solatium, where there 
are two, and Poranthera (tig. 323), where there 
are four, in Tetratheea juneea, the four cavities 
(fig. 324, 2) open into a single pore at the apex (fig. 334, 1); and in 





344 


Fig. 341. — Anther of Ilurniria balsam ifern. I Anther lobes. /, Filament, ciliated or fringed 
with' glandular teeth, r, Conical appendage, whir-h seems to he a prolongation of the connective. 

Fig. 342. — Anther of Byrsonima bieomietilata. /, Filament l, Anther lobes. The empty 
lobes at the summit are detaches! in the form of two small hom-like projections, r, A lingul- 
form or tongue-like appendage prolonged from the connective. 

Fig, 343. — Sessile anther of Viola odorata, or sweet violet. 1. Seen in front. 2. Seen behind. 
l f Anther lobes, o, Spur-like appendage from the connective, r, Membranous expansion at 
the apex of anther lobes. 

Fig. 344.™Corolla of Digitalis purpurea, cut in order to show the dldynamous stamens (two 
long and two short) which are attached to it. t, Tube. f Filaments which are united to the 
corolla at i, and run along its Inner surface, having formed a marked Adhesion, a </, Anthers 
of the long stamens, a q , Anthers of the short stamens. 
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the Misleto, the anther has numerous pores for the discharge of the 
pollen. Another mode of dehiscence is called hinged. In the Barberry, 
each lobe opens by a valve on the outer side of the suture, separately 
rolling up from base to apex; while in some of the Laurel tribe (fig. 
325 v\ there are two such separating valves for each lobe, or four 
in all. This may be called a combination of transverse and hinged 
dehiscence. In some Guttiforaj, as llcbradendron cambogioidcs (the 
Gamboge plant), the anther opens by a lid separating from the apex, 
or by what is called circa mscimle ( dream , around, and scindo , to cut) 
dehiscence. In the last-mentioned dehiscence, the anther may be 
considered as formed of jointed leaves like those, of the Orange, the 
blades of which separate at the joint. 

412. The anthers open at various periods of flowering; sometimes 
in the bud, but more commonly when the pistil is fully developed, and 
the flower is expanded. They either open simultaneously or in suc- 
cession. In the latter case, individual stamens may move towards the 
pistil and discharge their contents, as in Parnassia palnstris, or the 
outer or the inner stamens may open first, following thus a centri- 
petal or centrifugal order. The anthers are called intro) sc (intrormm, 
inwardly), or an tine ( anticus , the fore part), when 
they open on the surface next to the centre oft he flower 
(fig. 345) ; they are e.rtrorse (outwardly), or postinv. 

( posth • es, bel i in cl), when they open on the outer surface; 
when they open on the sides, as in Iris, and some 
grasses, they are called lateral It/ dehiscent (fig. 337). 

Sometimes anthers originally introrse, from their versa- 
tile nature, become extrorse, as in the Passion-flower 
and Oxalis. The attachment of the filament either on 
the outer or inner side, and the position of the anther 
in the young state, assist in determining the direction 
of the dehiscence when the anthers open by pores, or are versatile. 

418. The usual colour of anthers is yellow, but they present a great 
variety in this respect. They are red in the Poach, dark purple in the 
Poppy and Tulip, orange 4 in Ksclischoltzia, &c. The colour and appear- 
ance of the anthers often change after they have discharged their 
functions. 

414. Sometimes a flower consists of a single stamen, as already 
stated in regard to Euphorbia (H 401). It is said also, that in the 
Coni fora', as in the Fir, and in the Cyeadaeeie, the stamens are to be 
regarded as single male flowers, supported oil scales ; being either a 
■single stamen with bilocular anthers, as in Pinus, or unilocular, as in 
Abies, or several stamens united in an androphore, as in Taxus. 

Fig. 345.— Tetradynamous stamens (two Ion# and two shorO of Cheiranthus Ohciri. p, Top 
°f the peduncle, c, Cicatrices left by the sepals of calyx which have been removed, e g, Two 
pairs of long stamens, e v. The short stamens, t, Torus or thalamus to which the stamens 
are attached. 




200 


ESSENTIAL GROANS. — STAMENS. 


415. Stamens occasionally become sterile by the degeneration or 
non-development- of the anthers, which, in consequence of containing 
pollen, are essential for fertilization ; such stamens receive the name of 
stamnodla , or rudimentary stamens. In Scrophularia 
(fig. 340), the filth stamen, s , appears in the form of a 
scale ; and in many Pentstemons it. is reduced to a fila- 
n|L M incut with hairs, or a shrivelled membrane at the apex. 

In other cases, as in double Mowers, the stamens are 
converted into petals. In Persea gratissinia (Mg. 325), 
wfi’ \ j two glands, g , arc produced at the base of the filament. 

) in the form of stamens, the anthers of which arc abor- 
tivo. Sometimes only one of the anther lobes becomes 
| ' abortive. In many unilocular anthers, the non- 

* 1 development of oik 1 lobe is indicated by the lateral 

production of a. cellular mass resembling the connec- 
In Salvias, where the connective* is distractile, one of tin* lobes 
only is perfect or fertile (fig. 333 If), containing pollen, the other (Mg. 
333 l y) is imperfectly developed and sterile. In Canna, in place of 
one of the lobes, a petaloid appendage is produced. 

41 (>. It lias been already stated, that the term nectary has been 
sometimes applied lo modified stamens presenting abnormal appear- 
ances. Thus, in Parnassia palustris, the so-called nectaries are clusters 
/r . of abnormal stamens (Mg. 301 n), united bv a mem- 

^ nni<> i,T ^ 1(J n,K ^ <‘ 1J( hng glandular bodies 

( '||P ' like ambers. Sraminodia wort* also ^called nectaries 
jj ' \p (Mg. 34<> ,s). When treating of the disk, other modi- 

,v, . ‘ly Meat ions of stamens will be considered. 

/ 417. The stamens, in place of being free and sejia- 

rat0 , may become united by their filaments (^[ 309). 
t/flmf They may also unite by their anthers, and become 
4 \ \ | ; \ X ) syngenmtrtts or Sijnatifltmms (Vuv, together, and yevtdg, 
origin, or dubj^a, anther). This union occurs in 
Composite flowers, and in Lobelia, Jasionc, Viola, &e. 
41b. Stamens vary in length as regards the corolla. Some are 
enclosed within the tube of the flower, as in Cinchona, and are called 
included (figs. 287, 288, 344) ; others are ej'serted , or extend beyond 
the flower, as in Littorella, Plantago, and Exostemrna. Sometimes 
the stamens in the early state of the flower project beyond the petals, 
and in the progress of growth become included, as in Geranium stria- 
tum (fig. 347). Stamens also vary in their relative lengths as respects 
each other. When there is more than one row or whorl of stamens 
in a flower, those on the outside are sometimes longest, as in Kosaccee 




Fig. .‘MB,— Irregular corolla of Scrophularia with a staimno<lium, a, or abortive stamen in the 
form of a scale. 

Fig. 3-47. — Bud of poijrpetalmis corolla of Geranium striatum, exhibiting the stamens, e e, at 
first longer than the petals, p p* 
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(fig. 308); at other times those in the interior, as in Luhca (fig. 31(>, 
2 f a). When the stamens are in two rows, those opposite the petals 
are usually shorter than those which alternate with the petals. 

419. It sometimes happens that a single stamen is longer than all 
the rest. In some cases there exists a definite relation, as regards 
number, between the long and the short stamens. Tims, some flowers 
are didynamovs (dig, twice, and hvm>Aig, power or superiority), having 
only four out of five stamens developed, and the two corresponding to 
the upper part of the flower longer than the two lateral ones. This 
occurs in Labiata> and Scrophuiariacea? (figs. 844, 84(5). Again, in 
other cases there are six stamens, whereof four long ones are arranged 
in pairs opposite to each other, and alternate with two isolated short 
ones (fig. 345), and give rise to tetradyuamovx (rsrgdg, four, and bwufuc. 
power or superiority) (lowers, as in Crucifera*. 

120, Stamens, as regards their direction, may be erect, turned in- 
wards, outwards, or to one '■hie. In the last-mentioned case they are 
called dedicate (dedino, to bend to one side), as in Amaryllis, Horse- 
chestnut, find Fraxinelhi. 


421. The Pollen. — "fhe pollen or powdery matter contained in 
the anther, consists of small cells 
developed in the interior of | 
other colls. The cavities formed | 
in the anther (tig. 821 j, fire sur- I 
rounded by a fibro-celhilar en- 
velope, v p, and * within this are 1 
produced larger cells, // />, con- 
taining a granular mass (tig. 818, 

1 ), which divides into four min- 
ute cells (iig. 81S, 2), around 
which a membrane is developed, 
so that- the original cell, or t lie 
parent pof Ivn-itl ride, becomes re- 
solved by a merismatic division 
(If 24) into four parts (fig. 818, 

3), each of which forms a granule 
< > f pol 1 on . Th e fo nr cel I s eon r i mi e 
to increase (fig. 348, 4), distend- 
ing the parent cell, and ultim- 
ately causing its absorption and 

disappearance. They then assume the form of perfect pollen grains, 



log. 348. — l>ovelopnumt of the pollen of Yiseinn at hum, or the jM isle to. L Two pollen cells 
or pollijtftry utricles tilled with granular matter. 2. Four nuclei prod need in this matter. 3. 
Separation into four masses. each corresponding t«> a nucleus or a new utricle. 4. Follenie or 
pol I inary utricle containing three separate vesicles in Irs interior. 5. Two of the latter, or tin* 
young pollen grains, removed from the mother cell or utricle. G. The grains ol pollen in their 
l>erfect state. 
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and either remain united in fours or multiples of lour, as in some 
Acacias, Periploca graeca (fig. 340), and Inga anotnala (fig. 304), or 
separate into individual grains (figs. 348, 5), which by degrees be- 
come mature pollen (figs. 348, G, 351, 352). In Acacia ringens, there 



340 350 351 353 


are eight, pollen grains united ; in Acacia decipiens, twelve ; and in 
Acacia linearis, sixteen. Occasionally the; membrane of the parent 
pollen cell is not completely absorbed, and traces of it are delected in 
a viscous matter surrounding the pollen grains, as in Onagrariacen?. 
In Orchidaceous plants, the pollen grains are united into masses or 
poflmia , by means of viscid matter, in Asclepiadacea? (fig. 353), the 
poUiiua, />, seem to have a special cellular covering, 
derived from a layer of reproductive pollen cells, 
or from the endothecium. Pollinia in different 
plants vary from two to eight:. Thus, there art; 
usually two in Orchis, four in Oattleya, and eight in 
Ladia. The two pollinia in Orchis Mono, accord- 
ing to Amici, contain each about 200 secondary 
smaller masses. These small masses, when bruised, 
divide into grains which are united in fours. In 
Orchids, each of the pollen masses has a prolonga- 
tion or stalk, called a can f Hole (raw fa, a tail), which 
often adheres to a prolongation at the base of the 
author, called rostellum (romtellmn, a beak), by 
means of a viscid tenacious matter secreted by cells, and denominated 
retinacula (i retinaculum , a band or rein). Lind ley considers the enu- 
dicle as derived from the stigma, and not from the pollinary tissue. 
The term clinandnum (xXm j, a bed, and avr,p, a stamen), is sometimes 
applied to the part of the column in Orchids, where the stamens are 
situated. 

422. When mature, the pollen grain is a cellular body having an ex- 
ternal covering, extine ( exto , to stand out, or on the outside), and an in- 

Fig. 349.— Pollen of Periploca grmca, showing four grains agglutinated together. 

Fig. 350. — Pollen of Inga anomala. The grains united in multiples of four. 

Fig. 351.— Pollen grain showing the ext i no covered with small punctuations. 

Fig. 352. — Pollen grain with the extine covered with granulations. 

Fig. 353. — Flower of Asclepias, showing the poll'mia or pollen masses, p, attached to the 
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tornal, inline (intm, within). Fritzsche states that he has detected, in 
some cases, other two coverings, which he calls intextme and exintine. 
They occur between the extine and intine, and are probably formed by 
foldings of these membranes. In some aquatics, as Zostera marina, 
Zannichellia pedunculata, Naias minor, &c., only one covering exists, 
and that is said to be the intine. The extine is a linn membrane, which 
defines the figure of the pollen grain, and gives colour to it. It is either 
smooth or covered with numerous projections, granules, points, minute 
hairs, or crested reticulations (fig. 330). The colour is generally 


354 365 35fi 

yellow, and the surface is often covered with a viscid or oily matter. 
Flic intine is uniform in different kinds of pollen, thin and transparent, 
and possesses great power of extension. It is said to he the first 
envelope formed, the other being subsequently deposited while en- 
closed in the parent cell. 

423. Within these coverings a granular semifluid matter, called 
fovilla , is contained, along with some oily particles, and occasionally 
starch. The fovilla contains small sphe- 
rical granules, sometimes the, of 

an inch in diameter (tig. 357}, and larger 
ellipsoidal or elongated corpuscles (tig. 

358), which are said to exhibit move- 
ments under the microscope similar to 
those seen in some Infusoria, and in 
some Algae, to be afterwards noticed. 

These movements generally cease long 
before maturation, except in Zostera marina and some other plants. 

T24. Pollen grains vary from ^r> to 7 J ^ of an inch or less in dia- 
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* itiw, — ro ill'll <u ijHmiu'H, w juu it n ucuian-u uahi.c:. 

Pi}?. J157. — Pollen grain of Amy Vilaliis natin, the intine or internal membrane of which is pro- 
truding at throe pores under the form of as many ampulla? or sacs, 1 1 1 . One of these is open at 
the extremity, and from It is discharged the fovilla, composed of variously-sized granules. 
Eig. 358.— Large granules of fovilla of Hibiscus paluutrR 
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motor. Their form is much diversified. The most common form is 
ellipsoidal (figs. 858, 35!)), more or less narrow at the extremities, 
which are called its poles, in contradistinction to a line at e, equidistant 
from either extremity, and which is its equator. In figs. 351), 380, 
l and 2, the two surfaces of the pollen grains of Allium fistulo- 
sum and Convolvulus tricolor are represented with their poles, p y 
their equator, c, and the longitudinal folds in their membrane; 



mx mi 


vyliilo at 8, are shown transverse sections at the equators, with a 
single fold in one case, and throe iohls in the other. Pollen grains 
are a ^ so °1 a spherical, triangular, trigonal (fig. 382), or polyhedral 
figure (fig. 884). In the latter ease, when there are markings on their 
suriace, those at tlie poles, p, sometimes differ front those at the equa- 
tor, e. In Tra descan tin virtriniea, tlie pollen is cylindrical, arid becomes 
curved *, it is polyhedral in IHpsacea* and Compositre ; nearly trian- 
gular in Proteacea? arid Onagrariacete. The surface of the pollen 
grain is either unifonn and homogeneous, or it is marked by folds 
dipping in towards the centre, and formed by thinnings of the mem- 
brane. In Endogenous plants there is usually a single fold (fig. 359) ; 


Hg.m-Pollvn of Allium fistulosum. r, Equator. 1. Pollen grain wn on the 

tary 2. On tlie opposite side or hark. Transverse section through its equatorial line 
tion as in fig ° f Convolvuluy tricuIl,r * ' rhe lott ' ,rs ttlul mini bers have the Marne signifies 

Fig. ML — Grain of pollen of Cannabis saliva, or common Hemp, e, Equator p p |>ok*« 
dured 362, ~ 1>oJJ<;n 8rain uf tEut»thera biennis entire, with three angles, where tubes are pro- 


Fig. 363,— The same, with one of Its angles giving origin U> a pollen tube 
tht^ intine. When tlie tubn protrudes, the extine is ruptured. 

Fig. 361— Polyhedral pollen grain of Ciehorium Intybiw, or Chiocorv. 


which is formed 


by 







FORMS OF POLLEN GRAINS. 


205 


in Exogens, often three (fig. 360). Two, four, six, and even twelve 
folds are also met with. 

425. There are also pores or rounded portions of the membrane 
visible in the pollen grain. These vary in number from one to fifty. 
In Endogens, as in Grasses, there is often only 
one (fig. 365); while in Exogens, they number 
from three upwards. When numerous, the 
pores are either scattered irregularly (fig. 8 66J, 
or in a regular order, frequently forming a 
circle round the equatorial surface (tig. 361). 

Sometimes at the place where the pores exist, 
the outer membrane, in place of being thin and 
transparent, is separated in the form of a lid, 
thus becoming operculate (operculum* a lid), as 
in the Passion-flower (fig. 354) and Gourd (fig. 

355). Grains of pollen have sometimes both 
folds and pores. There may be a single port 1 
in each fold, either in the middle (fig. 367), or 
at the extremities; or folds with pores may 
alternate with others without pores ; or finally, the pores and folds 
may be separate. 

126. The form of the pollen grains is much altered by the applica- 
tion of moisture. Thus, in fig. 367, 1, the pollen grain of Lythrum 
Salicaria, when dry, has an ellipsoidal form, but when swollen by the 
application of water, it assumes a globular form (fig. 367, 2). This 
change of form is due to endosmose, and depends on the fovilia being 
denser than the water. If the grains an* retained in water, the disten- 
sion becomes so great as to rupture the extine irregularly if it is 
homogeneous, or to cause projections and final rupture at the folds or 
pores when they exist. The intine, from its distensibility, is not so 
liable to rupture, and it is often forced through the ruptured extine, 
or through the pores, in the form of small sac-like projections (figs. 
367, 2, 362). This effect is produced more fully by adding a little nitric 
acid to the water. The internal membrane ultimately gives way, and 
allows the granular fovilia to escape (fig. 357 f ). If the fluid is ap- 
plied only to one side of the pollen grain, as when the pollen is applied 
to the pistil, the distension goes on more slowly, and the intiue is pro- 
longed outwards like a hernia, and forms an elongated tube called a 
pollen-tube (fig. 363). This tube, at its base, is often covered by the 

Fig. 305. — Pollen grain of Dactyl! s glomorata, or Cocks-foot gjvisn. 

Pig. 300.— Pollen grain of Fmnaria eaprcolatn. 

Fig. 307. — Grain of pollen of Lytlirum Salicaria, showing six folds, three of which arc per- 
forated by a pore in their middle, and three alternating with them have no pores, p p, Poles. 

% Equator. 1, The grain in a dry shite. 2. The grain swollen in water, so as to take a 
globular form and display its folds. The intine or internal membrane begins to protrude 
through the pores. 
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ruptured extine, and probably also by some of the coverings mentioned 
by Fritzsche as intervening between it and the inline. It contains in its 
interior fo villa granules, and its functions will be particularly noticed 
under fertilization. The number of pollen tubes which may be pro- 
duced depends on the number of pores. In some pollinia, the number 
of tubes which are found is enormous. Thus, Amici calculates that 
the two pollen masses of Orchis Mono may give out 120,000 tubes. 

427. In Crjptogamlc Plants there are certain organs which are sup- 
posed by some to be equivalent to stamens. On that account they 
were denominated by lied wig anther id hi, by others pollinaria . They 
consist of closed sacs of different forms, rounded, ovate, oblong, clavate, 
flask-like, &e., developed in different parts of the plants, containing a 
number of corpuscles immersed in a mucilaginous fluid, which at a 
certain period of growth are discharged through an opening at the sur- 
face. Sometimes the antheridium is a simple coil, at other times it is 
composed of a numl >er of cells, as in Hypnum triquetrum (fig. 368, 1). 



It either appears on the surface of the plant, or is concealed within its 
tissue. Antheridia are sometimes confined to particular parts of the 
plant, at other times they are more generally diffused. Their contents 
are small utricles or cellules, varying, like pollen grains, in the different 


Fig. 368.— I. Antheridium or pollinarium. a. of a moss called Ilvpnum triquetrum, at the 
moment when its apex is rupturing to discharge the content*, /. 2. Four utricles of the con- 
tents, containing each a phytozoon or moving corpuscle rolled lip in a circular manner. 3. Sin- 
gle phytozoon t p&rntftd 

Fig. *369. — I. Portion of antheridium or globule of Clvara vulgaris. Several septate or parti- 
tioned tubes, t, attached to a utricle or vesicle, b. A mass of similar utricles, forming the bases 
of a large nnml>er of tulies, fills the cavity of tbo antheridium. 2. Extremity of one of these 
tubes, composed of several cellules, in each of which is a phytozoon. One of the phytnzoa is 
represented half detached from the cellule. 3. Extremity of a tube from which the phvtozon 
hare escaped, with the exception of the terminal cellule. 4. One of the phytuzoa separated. 
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orders of cryptogam ic plants, and enclosing, in place of fovilla, peculiar 
bodies called phytozoa (pirav, a plant, and an animal) (fig. 368,2), 
which are often rolled up in a circular or spiral manner, as in Hepa- 
tic© and Mosses (fig, 368, 3), These exhibit active movements at 
certain periods of their existence, and resemble in this respect animal- 
cules. In Ohara vulgaris (fig. 369), the antheridium or globule , as it is 
called, contains cells, 1, from which proceed numerous septate ( septum , 
a division) tubes, t. In each of the divisions of these tubes, 2, there 
is a phytozoon which escapes in a spiral form, leaving the division 
empty, 3, and ultimately becomes unrolled, 4, exhibiting two vibra- 
tile cilia ( cilium , an eyelash), to which the movements are referred. 

428. The Disk. — The term disk is applied to whatever intervenes 
between the stamens and the pistil, and is one of those organs to 
which the name of nectary was applied by old authors. It presents 
great varieties of' form, such as scales, glands, hairs, petaloid appen- 
dages, &o., and in the progress of growth it often contains saccharine 
matter, thus becoming truly nectariferous. The degeneration and trans- 
formation of the stamens frequently form the disk. It may consist of 
processes rising from the torus, alternating with the stamens, and thus 
representing an abortive whorl; or it may be opposite to tlu* stamens, 
and then formed by ehorization (% 383), as 
in Orassula rubens (fig. 258 a). In some 
flowers, as Jatropha Curcas, in which the sta- 
mens aie not developed, their place is occu- 
pied by glandular bodies forming tin* disk 
(tig. 314, 2, u). In Gesneraeea 1 and Cruci- 
fer© the disk consists of tooth-like scales al 
tiie base of the stamens (fig. 345. 0- Tin* 
parts forming the disk sometimes unite and 
form a glandular ring, as in tin* Orange; 
or a dark-red lamina covering the pistil, as 
in Pajonia Moutan (fig. 37(1 d); or a waxy 
lining of the calyx tube, as in the Rose 
('fig. 270 c or a swelling at the top of the 
ovary, as in Umbel lifer©. 

429. The PIhUL — The pistil occupies the centre or axis of the 
flower, and is surrounded by the stamens and iloral envelopes, when 
these are present. It constitutes the innermost whorl, and is the 
female organ of the plant, which after flowering is changed into the 
fruit, and contains the seeds. It sometimes receives the name of 
gynweinm (yvvfi, pistil, and InrJov, habitation). It consists essentially 
of two parts, tlie ovary or germen , containing ovules or young seeds, 
and the stigma , a cellular secreting body, which is either seated Un- 
rig. 1170.— Disk, d , of l*«*onia Montan, or Tree Vivunv, covering the o' ary, and interlaced \>u~ 

t wtM'n the whorl of stamens, a, and the pistil, />. 
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mediately on the ovary, and is then called sessile, as in the Tulip and 
Poppy, (fig. 409), or is elevated on a stalk called the style , interposed 
between the ovary and stigma. The style is not necessary for the per- 
fection of the pistil. Sometimes it becomes blended with other parts, 
as with the filaments of the anthers in the column of Orchidacese. 

430. Like the other organs, the pistil consists of one or more modi- 
fied leaves, which in this instance are called carpels (xclpkoc, fruit); 
The analogy of carpels to leaves may be deduced from their similarity 
in texture, and in venation, from the presence of stomata, hairs, and 
glands ; from their resemblance to leaves in their nascent state ; from 
their occasional conversion into true leaves, as in Lathyrus latifolius ; 
and from the ovules corresponding in situation to the germs or buds 
found in some leaves, as those of Bryophyllum calycinum. When a 
pistil consists of a single carpel it is simple, a state usually depending 
on the non-development of other carpels ; when it is composed of 
several carpels, more or less united, it is compound. In the first- 
mentioned case, the terms carpel and pistil are synonymous. Each 
carpel has its own ovary, style (when present), and stigma, and is 
formed by a folded leaf, the upper surface of which is turned inwards 
towards the axis, and the lower outwards ; while at its margins are 
developed one or more buds called ovules. That this is the true nature 
of the pistil may be seen by examining the flower of the double- 
flowering Cherry. In it no fruit 
is produced, and the pistil con- 
sists usually of sessile leaves (fig. 
371), the limb of each being 
green and folded, with a narrow 
prolongation upwards, s, as if* 
from the midrib, n, and ending 
in a thickened portion. When 
the single- flowering Cherry is 
examined, it is found that, in 
place of folded leaves, there is 
a single body (figs. 372, 373), 
the lower part of which is 
enlarged, forming the ovary, o, 
and containing a single ovule, 
y, attached to its walls, with a bundle of vessels,/??, entering it, a 



Fig. 371.— Carpellary leaf of the double-flowering Cherry. In this plant the pistil is com- 
posed distinctly of one or more leaves folded inwards. f, Lamina or blade of the leaf or carpel. 
a, Prolongation of the midrib, «, representing the style, and ending in a circular thickened por- 
tion equivalent to the stigma. 

Fig. 372.- Pistil or carpel of the single-flowering Cherry in its normal state, o, Ovary. 
t, , Style, Stigma. 

Fig, 378.— The same cut vertically, to show' the central cavity of the ovary, n J with the ovule. 
<f, suspended from its wail at a point where a bundle of nourishing vessels, f n, terminates. 
t, Style traversed by a canal, c, which runs from the stigma, s, to the cavity of the ovary. 
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cylindrical prolongation, £, forming the style, and a terminal expansion, 
. 9 , the stigma. It will be seen that in this case two carpellary leaves 
have become succulent and have united together, so as to form a com- 
pound pistil, with a single cavity containing one young seed. 

431, The ovary then represents the limb or lamina of the leaf, and 
is composed of cellular tissue with fibro-vascular bundles, and an 
epidermal covering. The cellular tissue, or parenchyma, often be- 
comes much developed, as will be seen particularly when fleshy fruits 
are considered. The outer epidermis corresponds to the lower side of 
tlie leaf, exhibiting stomata, and sometimes hairs ; the inner surface 
represents the upper side of the leaf, being usually very delicate and 
pale, and forming a layer called sometimes epithelium (m\ upon, and 
drj\vg 7 tender), which does not exhibit stomata. The vascular bundles 
correspond with the veins of the leaf, and consist of spiral, annular, 
and other vessels. 

432. The Style has usually a cylindrical form, consists of cellular 
and vascular tissue, and when carefully examined is found to be 
traversed by a narrow canal (fig. 373 c), in which there are some 
loose projecting cells (figs. 374, 375), forming what is called the con- 




375 


ducting tissue. A transverse section of the style of (Town Imperial 
(fig. 374), show’s three vascular bundles, v v v, corresponding to three 
styles which are united into one, and, p 7 loose cells in the canal of the 
style. This canal is bounded by cellular tissue (fig. 375 cc) traversed by 
spiral vessels, vv 7 and in its interior, besides the loose cells, pp, there are, 


Fig. 374. — Transverse auction of the style of FiitiUaria imperialist, or Crown Imperial. 1 he 
style is composed of three united together, vvv, Tlunee vascular bundles, each corresponding 
to one of the three styles, p, Papilhe or cellular bodies projecting into the cavity of the canal. 

Fig. 375.— Structure of the canal in the centre of the style of a Campanula, cc, Cellular tie- 
sue forming its parlctes traversed by tracheae, v v, pp, Variously-formed cells, displaced as it 
were, and along with other elongated and filamentous ones.//, obstructing the canal. 

O 
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especially at the period of fecundation, elongated tubes, / f which in 
part fill up the canal. The name, conducting tissue , is given to that 
found in the canal of the style, on account of the part which it plays 
in conveying the influence of the pollen to the ovules, as will be ex- 
plained under fertilization. % 

433, The Stigma is a continuation of the cellular tissue in the centre 
of the style, and it may be either terminal, when the canal opens at 
the top only (fig. 373 s, 37G, 1), or lateral, when the splitting of the 
canal takes place on one side (fig. 377 s ), or on both sides (fig. 378 8 8). 
The stigma sometimes extends along the whole length of the style. 
In Orchidaceous plants, it is placed on a part of the column called the 
gynizus (yuv>j, pistil, and to sit). It is composed of cellular tissue 
more or less lax, and often having projecting cellules in the form of 



376 377 378 379 


papillae (fig. 376, 2), or of hairs (figs. 379, 3, 410 s ), and at the 
period of fertilization exuding a viscous fluid, which retains the grains 
of pollen, and causes the protrusion of tubes. 

434. A pistil is usually formed by more than one carpel. The 
carpels may be arranged like leaves, either at the same or nearly the 
same height in a verticil (figs. 380, 381), or at different heights in a 
spiral cycle (fig. 306 c). When they remain separate and distinct, thus 
showing at once the composition of the pistil, as in Caltha, Ranun- 
culus, Hellebore, and Butomus (fig. 383), the term apocarptis (anb, 
separate, and fruit) is applied. Thus, in Crassula rubens 

(fig. 258), the pistil consists of five vertieillate carpels, o, alternating 
with the stamens, e ; and the same arrangement is seen in Zanthoxylon 

Pig. 376.— 1. Stigma, of Daphne hanreola, terminating the style, t. o, Summit of the 
ovary, 2. A small portion of the surface of the stigma, much magnified to show its papilla;. 

Fig. 377.— Unilateral stigma, j?, of Asimhia triloba. U Style. 

Fig, 378. — Bilateral stigma, 8 of Piantago saxatilis. o, Ovarv. t, Style. 

Fig. 379.— 1. Summit of the style, t t of Hibiscus paiustris, dividing into five branches, which 
are each terminated by a stigma, ss. 2. One, of these branches highly magnified. 3. Portion 
of the surface of the stigma still more magnified to aliow its papilla;, which arc elongated like 
hairs. 



ESSENTIAL OBGANS. — THE PISTIL. 


211 


fraxineum (fig. 380). In the Tulip-tree (fig. 306), the separate car- 
pels, c c, are numerous, and arranged in a spiral cycle, upon an elon- 
gated axis or receptacle. In the Raspberry, the carpels are on a 
conical receptacle ; in the Strawberry, on a swollen succulent one ; and 
in the Rose (fig. 270 oo), on a concave one, r r, covered by the tube 
of the calyx, c t 



435. When the fruit, consists of several rows of carpels on a fiat 
receptacle, the innermost have their margins directed to the centre, 
while those of the outer rows are arranged on the back of the inner 
ones ; if the receptacle Is convex, the outer carpels are lowest, as in the 
Strawberry ; if concave, the on ir ones are uppermost, as in the Rose. 
At other times the carpels are united, as in the Pear, Arbutus, and 
Chickweed, so that the pistil becomes syncarpoas together or 
united). In Dictamnus Fraxinella (fig. 382), five carpels unite to form 
a compound J pistil. In Scilla italiea (fig. 259), the three carpels form 
only one apparently; but on examination it will be found that the 
pistil consists of three carpels alternating with the three inner stamens. 
The union, however, is not always complete; it may take place by the 
ovaries alone, while the styles and stigmata remain free, the pistil being 
then gamogastrous (ydfiog, union, and yadrr\o, ovary) ; and in this case, 
when the ovaries form apparently a single body, this organ receives the 


Fig. 880.— Pistil of Zanthoxylon fraxineum, consisting of five distinct carpels, supported on a 
gynophoro, g. Each of the ovaries, o, bears a terminal style dilated at its extremity into a 
stigma, s. The five stigmata remain for a long time adherent by their sides. 

Fig. 381. — 1. Carpels of Butomus umbellatus, consisting of folded leaves arranged in different 
verticils. 8 . Section of the same, showing the alternation of the parts of the flower. Three 
outer leaves of the perianth, o', alternating with three inner ones, p i, three rows of stamens, e o 
and t i t and the carpels, c e and c i. 

Fig. 882.— Portion of the pistil of TMctamnus Fraxinella. Two of the five carpels have been 
removed In order to show how the styles, produced on the inner sido of the carpels, and at 
first distinct, approximate and become united into one. o, Ovaries, two of which in front show 
their dorsal surface, d, and their lateral surface, l. At the base of the gynophore, < 7 , are seen 
the cicatrices, c, marking the insertion of the calyx, the petals, and the stamens. 
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name of compound ovary; or the union may take place by the ovaries 
and styles, while the stigmata are disunited ; or by the stigmata and the 
summit of the style only (tig. 380). Various intermediate states exist, 
such as partial union of the ovaries, as in the Rue, where they coalesce 
at their base; and partial union of the styles, as in Malvaceae (fig. 383). 
The union is usually most complete at the base ; but in Labiates the 
styles are united throughout their length, and in Apocynacese and 
Asclepiadaceae, the stigmata only. 

430. When the union is incomplete, the number of the parts of 
a compound pistil may be determined by the number of styles and 
stigmata (fig. 383 s ) ; when complete, the external venation, the 

grooves on the surface, and the 
internal divisions of the ovary, indi- 
cate the number. When the grooves 
between the carpels are deep, the 
ovary is denominated lobed, being 
one, two, three, four, or five-lobed, 
according to circumstances. In fig. 
383, the nine carpels forming the 
ovary, o, are divided by grooves; 
and in fig. 384, a transverse section 
of the ovary of Fuchsia coccinea, 
shows the four carpels which form 
it. The changes which take place 
in the pistil by adhesion, degeneration, and abortion, are frequently so 
great as to obscure its composition, and to lead to anomalies in the 
alternation of parts. The pistil is more liable to changes of this kind 
than any other part of the flower. 

437. The carpels are usually sessile leaves, but sometimes they are 
petiolate, and then are elevated above the external whorls. This 
elevation of the pistil may in general, however, be traced to an elon- 
gation of the axis itself, in such a way that the carpels, in place of 
being dispersed over it, arise only from its summit. A monstrosity 
often occurs in the Rose (fig. 385), by which the axis is prolonged, 
and bears the carpels, p, in the form of alternate leaves. Thus, by 
the union of the petioles of* the carpels, or by lengthening of the axis, 
the pistil becomes stipitate {stipes, a trunk), or supported, as in the 
Passion-flower, on a stalk (figs. 380, 382 g), called a gynophore (yvvr h 
pistil, and poem, to bear), or thecaphore {h m, a case). Sometimes the 



Fig. 383.— Pistil of Malv* Alcoa. o, Nine ovaries, uni tod so as to form one. t, Colnnin formed 
by nine stvlog united to near their summit, where they diverge and separate. Each of the divi* 
of the style i» terminated by a stigma, s. 

Fig. 384.— Horizontal section of the four-celled ( quadril ocular or tetratkveal) ovary of Fuchsia 
roocinea. <'tcc t Wall of the ovary, /, which is formed by four carpellary leaves, a, Quadran- 
gular axis to which the carpels are united, o, Ovules attached to the inner margin of the 
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axis is produced beyond the ovaries, and the styles become united to 
it, as in Geraniaceee and Umbelliferee. In this case the prolongation 
is called a carpophore (xa gwbg, fruit, and £>ogsw, to 
bear). 

438. The ovules are developed on the inner side 
of the carpel where the two edges of the carpellary 
leaves unite, and they are connected to it by vas- 
cular bundles which proceed from below upwards, 
traverse the carpel, and send a branch to each of 
the ovules. At the same place there is a develop- 
ment of cellular tissue in connection with the con- 
ducting tissue of the style and with the stigma. By 
the union of these tissues is formed the placenta , 
or projection to which the ovules are attached. 

Some restrict the term placenta to the point of 
attachment of a single ovule, and call the union of 
placentas, bearing several ovules, plactrdarks or 
pistillan/ cords. The part of the carpel where the 
placenta is formed, is the inner or ventral suture , cor- 
responding to the margin of the folded carpellary 
leaf, while the outer or dorsal suture corresponds to the midrib of the 
carpellary leaf. The placenta is hence sometimes called marginal 
The placenta is formed on each margin of the carpel, and hence is 
essentially double. This is seen in cases where the margins of the 
carpel do not unite, but remain separate, and consequently two pla- 
centas arc formed in place of one. In fig. 380, the two carpels are 
folded, so that their margins meet, and the placenta is apparently 
single; whereas in fig. 387 the margins of each carpel do not meet, 


3S6 

and the placenta of each is double. Again, in fig. 388, the two carpels, 
after meeting in the centre or axis, w, are reflected outwards towards 
the dorsal suture, s d , and their margins separate slightly, each being 
placentary and bearing ovules, o. 

439. When the pistil is formed by one carpel, the inner margins 
unite in the axis, and form usually a common marginal placenta, 

Eig, 885. — Section of monstrous Rose, as figured at section 324, the axis of which is pro- 
longed beyond the flower, and the envelopes removed to show the abortive stamens, r. The 
carpels,/, are attached alternately along the axis in the form of leaves, p, Abortive floral en- 
velopes. $, Stamens in imperfect flower at the apex. 

Ffga. 386, 887, 388. — Horizontal sections of ovaries, composed of two carpellary leaves, the 
edges of which are folded so as to meet in the axis, a, In fig. 887 ; are reflected inwards into the 
loculaments after meeting in the axis in fig. 888; and do not reach the axis in fig. 887. 
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This placenta may extend along the whole margin of the ovary as far 
as the base of the style, or it may be confined to the base or apex 
only. When the pistil is composed of several separate carpels, or, in 
other words, is apocarpous, there are generally separate placentas at 
each of their margins. In a syncarpous pistil, on the other hand, the 
carpels are so united that the edges of each of the contiguous ones by 
their union form a septum ( septum , a fence or enclosure), or dissepiment 
( aissepio , to separate), and the number of these septa consequently in- 
dicates the number of carpels in the compound pistil. It is obvious 
then that each dissepiment is formed by a double wall or two lamina? ; 
that the presence of a septum implies the presence of more than one 
carpel ; and that, when carpels are placed side by side, true dissepi- 
ments must be vertical, and not horizontal. 

440. When the dissepiments extend to the centre or axis, the 
ovary is divided into cavities, cells or loculciments ( loculus , a box), and 
it may be bilocular , trilocular , quadrilocular , quinquclocular, or multi- 
locular , according as it is formed by two, three, four, five, or many 
carpels, each corresponding to a single cell or loculament (fig. 381, 2, 
c e, c i). In these cases the marginal placentas meet in the axis, and 
unite so as to form a single central one (fig. 386 a ). Some call this 
placentation axile (belonging to the axis), but this term is perhaps pro- 
perly restricted to cases where the placenta is an actual prolongation 
of the axis. The number of loculaments is equal to that of the dis- 
sepiments. In fig. 384, there is shown a transverse section of the ovary 
of Fuchsia coccinea, cccc being its parietes formed by the union of 
four carpellary leaves, a the axis united to the parietes by dissepiments, 
and o the ovules attached to the placentas at the margin of each carpel. 
When the carpels in a syncarpous pistil do not fold inwards completely 
so as to meet in the centre, but only partially, so that 
the dissepiments appear as projections on the walls 
of the ovary, then the ovary is unilocular (fig. 387), 
and the placentas are parietal ( paries , a wail). A 
horizontal section of the ovary of EiythneaCentaurium 
(fig. 389), exhibits a unilocular ovary with parietal 
placentas, p , formed at each of the margins of the 
carpels which do not meet in the centre. In these 
instances the placentas may be formed at the margin 
of the united contiguous leaves, so as to appear single, 
or the margins may not be united, each developing a placenta. From 
this it will be seen that dissepiments are opposite to placentas, formed 
by the union of the margins of two contiguous carpels, but alternate 
with those formed by the margins of the same carpel. 

Fig. 389.— Horizontal section of the ovary of Erythnca Centaurium. c, Wall or paries oft ho 
ovary or carpellary leaf, p, The edge on which the placenta is formed, bearing tfic ovules, v. 
i, Cell or loculament. 
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441. The carpellary leaves may fold inwards very slightly, or they 
may be applied in a valvate maimer, merely touching at their margins, 
the placentas then being parietal, and appearing as lines or thicken- 
ings along the walls. In fig. 390, the pistil of Viola tricolor is repre- 
sented, 1, cut vertically, and, 2, cut transversely, the ovules being 
attached to the walls of the ovary, and the placentas, />, being merely 
thickened portions of the walls. Cases occur, however, in which the 
placentas are not connected with the walls of the ovary, and form what 
is called a free central placenta. This is seen in many of the Caryo- 



phyllacese. 11ms, in Cerastium liirsutum (figs. 391, 392), the ovary, 
o, is composed of five carpels, indicated by the styles, s, but there is 
only one loculament, the placenta, />, being free in the centre, and the 
ovules, g , attached to it. 

442. In CaryophyllaceoB, however, while the placenta is free in the 
centre, there arc often traces found at the base of the ovary of the 
remains of septa, as if rupture had taken place ; and, in rare instances, 
ovules are found on the margins. But examples occur of this kind 
of placentation, as in Primulacea?, Myrsinacece, Sunt ala ceay and Theo- 
phrastece, in which no vestiges of septa or marginal ovules can be 
perceived at any period of growth. Duchartre states that the free 
placenta of Primulaceae, is totally different from that of Caryophyl- 
laceae. It is always free, and rises in the centre of the ovary, and the 
part uncovered by ovules gradually extends into the style. It is not 
first continuous with the style, and then free ; neither is it originally 
marginal, and then free ; but it is, according to him, wholly through - 




Fig. 390* — Pistil of Viola tricolor, or Pansy, cut vertically to show the ovules, o } attached 
to the parietes. Two rows of ovules arc seen, one in front, anti the other in profile, p, A thick- 
ened line on the walls forming the placenta, c, Calyx, d. Ovary. 1. Hooded stigma terminat- 
ing the short style. 2. Horizontal section of the same, p, Placenta, o, Ovules. s } Suture. 

Fig. 891. — Pistil of Cerawtimn hirsutum cut vertically, o, Unilocular or monothecal ovary 
p, Free central placenta, g, Ovules, s, Styles, 

Fig. 392,— The same cut horizontally, and tho halves separated so as to show the interior of 
the cavity of the ovary, o, with the free central placenta, p, covered with ovules, g. 
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out its organogeny (opyavov, organ, and y'snag, production or develop- 
ment) separate and axile. 

443. This placentation, therefore, has been accounted for in two 
ways, either by supposing that the placentas in the early state were 
formed on the margins of ear]) ell ary leaves, and that in the progress of 
development these leaves separated from them, leaving the placentas 
and ovules tree in the centre ; or by supposing that the placentas are 
not marginal but axile .formations, produced by an elongation of the 
axis, the ovules being lateral buds, and the carpels verticillate leaves, 
united together around the axis. The latter view has been sup- 
ported by many botanists, and is confirmed by the fact, that in some 
cases the placenta is actually prolonged beyond the carpels. The 
first of these views would apply well to Caryophyllacoar, the second 
to Primulaeea\ In the latter case, the only way of explaining the 
appearance on the marginal hypothesis, will be by considering the 
placentas as formed from the carpels by a process of chorization (^[ 383), 
and united together in the centre. 

444. Some indeed, as Schleiden and Endlicher, consider the axile 
view of placcntation as applicable to all cases, the axis in some cases 
remaining free and independent, at other times sending prolongations 
along the margins of the carpellary leaves, and thus forming the mar- 
ginal placenta s. The occurrence of placentas 




over the whole inner surface of the carpels 
or of the dissepiments, as in Nymph tea and 
in Butomus umbellatus (tigs. 393, 394); 
also, though very rarely, along the dorsal 
suture, as in Oabomba, or on lines within 
the margin, as in Orobanehe, has been 
supposed to confirm this view. Schleiden 
argues in favour of it, from the case of Ar- 
meria, where there are five carpels and 
a single ovule attached to a cord, which 


893 394 arises from the axis, and becomes curved at 


the apex so as to suspend the ovule; also, 
from cases, such as Taxus, where the ovule appears to be naked and 
terminates a branch. 


445. This theoiy of placcntation, however, cannot be easily applied 
to ail cases ; and Gray says that it is disproved in cases of monstrosity, 
in which the anther is changed into a carpel, or where one part, of 
the anther is thus transformed and bears ovules, while the other, 
as well as the filament, remain unchanged. In the case of LufFa 
foefcida, the entangled fibres of the carpellary leaves, even in the young 


Figs. 393, 394. — One of the carpels of Butomus umbellatus, or flowring Rush, cut trans- 
versely in 393, and longitudinally in 394. /, Loeu lament or cavity of the carpel, a. Ovules. 
Stigmata. r ' 
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state, seem to be connected with perpendicular lines forming the pla- 
centa. Brongniart mentions a case where the marginal placenta was 
entire, while the axis was prolonged separately, and totally uncon- 
nected with the placenta; he also notices peculiar monstrosities, which 
seem to prove that, in some cases at least, marginal placentation must 
take place. 

446. Upon the whole, then, it appears that marginal, or, as it is 
often called, carpellary placentation generally prevails; that axile 
placentation explains easily cases such as Primulacese, while such in- 
stances as Caryophyllaeea^ are explicable on either view. 

447. Occasionally, divisions take place in ovaries which are not 
formed by the edges of contiguous carpels. These are called s spurious 
dissepiments. They are often horizontal, and are then 
called phragmata (tpfayfui, a separation), as in Catharto- 
earpus Fistula (fig. 895), where they consist of transverse 
cellular prolongations from the walls of the ovary, only 
developed after fertilization, and therefore more properly 
noticed under fruit. At other times they are vertical, as 
in Datura, where the ovary, in place of being two-celled, 
is thus rendered four-celled ; in Crucifera?, where the pro- 
longation of the placentas forms a replant ( replum , leaf of a 
door) or partition; in Astragalus and Tliespesia, where the 
dorsal suture is folded inwards ; and in Diplopliractum, 
where the inner margin of the carpels is reflexed (fig. 388). 

In Cucnrbituccse, divisions are funned in the ovary, appa- 
rently by peculiar projections sent inwards from curved parietal pla- 
centas. In some cases, horizontal dissepiments arc supposed to be formed 
by the union of Ciirpels situated at different heights, so that the base 
of one becomes united to the apex of another. In such cases, the 
divisions are true dissepiments formed by carpellary leaves. The 
anomalous divisions in the ovary of the Pomegranate have been thus 
explained. 

448. The ovary is usually of* a more or less spherical or curved form, 
sometimes smooth and uniform on its surface, at other times hairy and 
grooved. The grooves, especially when deep, indicate the divisions 
between the carpels, and correspond to the dissepiments. The dorsal 
suture may be marked by a slight projection, or by a superficial groove. 

449. The ovary is either free in the centre of the flower, or it is 
united to the surrounding parts, more especially to the calyx. The 
union may take place completely, so that the calyx is adherent through- 
out, and becomes superior while the ovary is inferior , as in the Melon 
(fig. 396, o being the ovary, l the upper part of the adherent calyx) ; 
or it may take place partially, as in Saxifragacese (figs. 397, 398), where 

Pig. 895. — Pistil of Cassia, or Cathartocarpus Fistula, in an advanced state, cut longitudinally 
to show the spurious transvoi*s« «>»*•«.*'*«««■« 
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the ovary, o, becomes half-inferior, the calyx being half -superior . These 
adhesions between the calyx and the ovary will be found to be of im- 
portance, as determining the epigynous and perigynous (M, upon or 
above, and crej/, around, and yvvr h pistil) condition of the stamens. 



396 398 399 


Cases of adhesion between the ovary and the calyx, as occur in the Apple, 
Pear, Gooseberry, and Fuchsia (tig. 309), must not be confounded with 
cases such as the Rose (tig. 270), where the tube of the calyx becomes 
enlarged and hollowed so as to cover the carpels. In the former 
case, a transverse section (fig. 399) shows one or several closed locula- 


Fig. 396. — Flower of CuoumiH Melo, or Me lon o, Inferior ovary covered by the adherent 
calyx. h Limb of the calyx appearing above the ovary, p, Corolla. 

Fig. 397. — Flower of Saxifraga Goum, cut vertical!* to show the ovary, o, adherent for half its 
height to the calyx, c, The calyx, which is called half-superior, p, Petals, e, Stamens, s, Styles 
and stigmas. 

Fig. 398. — Pistil of Hoteia japonica, one of the Saxifragace#!, cut vertically in order to show 
the interior of its two cavities or loculaments. It is a bilocular or dithecal ovary, o, Two ovaries 
consolidated into one, and Adherent for half their height to the calyx, c. t, Styles, s, Stigmas. 
p , Placentas covered with ovules, p e t Base of the petals. 

Fig. 399.— Flower of Fuchsia coeemoa divided horizontally into two halves through the mid- 
dle of the ovary, o. The lower half, 2, of the ovary has lx;en left untouched, to show its four 
cavities or loculi, with the ovules attached to their internal angles. Fig. 384 shows the same 
section more highly magnified. The tipper half, 1, has been cut vertically, to show the ovules, 
g , arranged in a row in each locularaent The calyx, incorporated with the ovary below, is 
prolonged above it in the fonn of a tube, l, and divides at its summit into four segments, 1 1 
p, Petals inserted on the tube of the calyx at the place where it divides into segments, e, Sta- 
mens inserted also on the tube, alternately large and small. The style rising from the summit 
of the ovary, and terminated by an ovoid stigma, s. 
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ments containing ovules ; while in the latter, it exhibits one cavity 
open at the top, and separate carpels scattered over the surface, each 
having a style and stigma. 

450. Peculiar views have been advocated by Schleiden, who con- 
siders the ovary in some cases as not formed by carpels, but by a 
hollowing out of the axis, at other times by these two modes combined. 
Thus the superior ovary, according to him, is formed of carpellary leaves, 
while the inferior ovary of the Apple and Pomegranate is composed of 
the expanded summit of the axis, bearing the carpels in its interior ; 
that of Epilobium is formed from the stem alone, and that of Saxi- 
frage partly by the peduncle and partly by carpels. 

451. The Style proceeds from the summit of the carpel, and may 
be looked upon as a prolongation of it in an upward direction (fig. 
372 1). It is hence called apinlar (apex, top). It consists not merely of 
the midrib, but of the vascular and cellular tissue of the carpel, along 
with a continuation of the placenta or conducting tissue, which ends 
in the stigma. In some cases, the carpellary leaf is folded from above 
downwards, in a hooded maimer, so that its apex (as in reclinate ver- 
nation, fig. 205 a) approaches more or less to the base. When the 
folding is slight, the style becomes lateral (fig. 382); when to a greater 
extent, the style appears to arise from near the base, as in the Straw- 
berry (fig. 400), or from the base, as in Chrysobalanus Icaco (fig. 401), 
when it is basilar. In all these cases the style still indicates the organic 
apex of the ovary, although it may not be the apparent apex. 



400 401 402 


452. The carpel sometimes becomes imbedded in the torus or tha- 
lamus, so as to have a projection of the latter on one side; and then, if 
the style is basilar or lateral, it may adhere to this portion of the torus, 
and appear to arise from it. This is seen in Labiatse (fig. 402), and 

Fig. 400.— Carpel of Strawberry, o, Ovary, f, Style arising from near the base, and becom- 
ing basilar by the mode in which the ovary is developed ; the style, however, still indicating 
the organic apex of the ovary. 

Fig, 401.— ( Jarpcl of Chrysobalanus Icaco, o, Ovary. e f Basilar style, a, Stigma. 

Fig. 402, — Pistil of Laminin album, shown by a vertical section of part of the flower. Two 
of the four ovaries have been removed to exhibit the connection of the style with the torus, r, by 
Adhesion, o, The two remaining ovaries, d, Glandular disk placed below the pistil, c, Part of 
calyx, p, Corolla. 
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Boraginaceai (fig. 403), where the four carpels, o, are sunk in the 
toms, r, in such a way that the common style, s, formed by the union 
s of four basilar styles, seems to be actually a prolonga- 

tion of the torus. When ovaries are thus attached 
round a central prolongation of the torus, continuous 
with a united columnar style, the arrangement is 
called a gynobase (yvvr), pistil, and /3a<r/£, base). It is 
well developed in Ochnacea?. In Geraniums there is 
a carpophore or prolongation of the torus in the 
form of a long beak, to which the styles are at- 
tached. 

453. The form of the style is usually cylindrical, more or less filiform 
and simple; sometimes it is grooved on one side, at other times it is 

flat, thick, angular, compressed, and even petaloid, as in 
Iris and Canna. In Goode riiaceae it ends in a cup-like ex- 
pansion enclosing the stigma. It may be smooth and covered 
with glands and hairs. These hairs occasionally aid in scat- 
tering the pollen, and are called collecting hairs , as in Gold- 
fussia or Jviiellia. In Campanula they appear double and 
retractile. In Aster and other Composite (fig. 404), there 
art* hairs produced on parts of the style, p c, prolonged 
beyond the stigma, s; these hairs, while the part is being 
developed, come into contact with the pollen and carry 
it up along with them. In Yicia and Lobelia, the hairs 
form often a tuft below the stigma. 

454. The styles of a synearpous pistil may be either separate or 
united; when separate, they alternate with the septa. When united 
completely, it is usual to call the style simple (fig. 399) ; when the 
union is partial, then the style is said to be bifid, trifid , multifid , accord- 
ing as it is two-cleft, three-cleft, many-cleft.; or, to speak more correctly, 
according to the mode and extent of the union of two, three, or many 
styles. The style is said to be bipartite , tripartite , or multipartite , when 
the union of two, three, or many styles only extends a short way above 
the apex of the ovary. The style from a single carpel, or from each 
carpel of a compound pistil, may also be divided. In fig. 314, 2, each 
division of the tricarpellary ovary of Jatropha Curcas, has a bifurcate. 
or forked style, s , and in fig. 405, the ovary of Emblica officinalis has 
three styles, each of which is divided twice in a bifurcate manner, ex- 
hibiting thus a dichotomous division. 

455. The length of the style is determined by the relation which 
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Fig. 408. — Pistil of Erithricium Jaequemontianum, with one of the ovaries removed in front, 
to show the manner in which the ovaries are inserted obliquely on a pyramidal torus, r, whence 
the style appears to arise, ending in a stigma, 8. 

Fig. 404. — Summit of the style, t, of an Aster, separating into two branches, a, each termi- 
nated by an inverted cone of collecting hairs, p e. The stigma, 8, is seen below in the form ot 
a band or line on the inner curvature of the branches. 



ESSENTIAL ORGANS. — THE STIGMA. 


221 


ought to subsist between the position of the stigma and that of the 
anthers, so as to allow the proper application of the pollen. In some 
cases the ovary passes directly into the style, 
as in Digitalis, in other instances there is a 
marked transition from one to the other. 

The style may remain persistent , or it may 
fall off after fertilization is accomplished, and 
thus be deciduous . 

450. The Stigma is the termination of 
the conducting tissue of the style, and is 
usually in direct communication with the 
placenta. It may therefore, in most in- 
stances, be considered as the placcntiferous 
portion of the carpel prolonged upwards. In 
Armeria and some other plants, this connec- 
tion with the placenta cannot be traced. 

Its position may be either terminal or lateral. The latter is seen in 
some cases, as Asimina triloba, where it is unilateral (fig. 377), and in 
Plantago saxatilis (fig. 378), where it is bilateral. Occasionally, as in 
Tasmannia, it is prolonged along the whole inner surface of the style. 
In Iris, it is situated on a cleft on the back of the petaloid divisions of 
the style. It consists of loose cellular tissue, and secretes a viscid 
matter which detains the pollen, and causes it to protrude tubes. 
This secreting portion is, strictly speaking, the true stigma, but the 
name is generally applied to all the divisions of the style on which the 
stigmatie apparatus is situated, as in Labiate. The stigma usually 
alternates with the dissepiments of a syncarpous pistil, or corresponds 
with the cells ; but in some cases it would appear that half the stigma 
of one carpel unites with half that of the contiguous carpel, and thus 
the stigma is opposite the dissepiments, or alternates with the cells. 
This appears to be the case in the Poppy, where the stigma of a single 
carpel is two-lobed, and the lobes arc opposite the septa. 

457. If the stigma is viewed as essentially a prolongation of the 
placenta, then there is no necessary alternation between it and the 
placenta, both being formed by the margins of carpellary leaves, which 
in the one case are ovuliferous, in the other stigmatiferous. There is 
often a notch in one side of a stigma (as in some Kosacefe), indicating 
apparently that it is a double organ like the placenta. To the division 
of a compound stigma the terms bifid, trifid , &c., are applied according 
to the number of the divisions. Thus, in Labiate (fig. 299) and in 
Composite (figvS. 301, 404 $), the stigma is bifid ; in Polemonium, trifid. 
When the divisions are large, they are called lobes , and when fiat- 



Fig. 406. — Female flower of Embliea officinalis, one ot the EupliorWacer. c, Calyx. pp, 
Petals, t, Membranous tube surrounding the ovary, o, Ovary crowned by three styles s, each 
being twice bifurcate. 
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tened like bands, lamella ; so that stigmas may be bilobaie , trilobate , 
bilamellar, trilamellar , &c. 

458. It has already been stated, that the divisions of the stigma 
mark the number of carpels which arc united together. Thus, in Cam- 
panula (fig. 405 bis), the quinquefid or five-cleft stigma indicates five 
carpels, the stigmata of which are separate, although the other parts 
are united. In Bignoniacete (fig. 406), as well as in Scrophulariaceie 
and Acanthacese, the two-lobed or bilamellar stigma indicates a bilo- 
cular ovary. Sometimes, however, as in the case of the styles, the 
stigma of a single carpel may divide. It is probable that, in many in- 
stances, what is called bifurcation of the style, is only the division of the 
stigma. In Graminese and Composite (figs. 301, 404), there is a bifid 
stigma and only one cavity in the ovary. This, however, may be pro- 
bably traced to subsequent abortion of the ovary of one of the carpels. 
Hie stigma presents various forms. It may be globular, as in Mirabilis 
Jalapa(figs. 376, 407); orbicular, as in Arbutus Andraclme (fig. 408); 
umbrella-like, as in Sarracenia, where, however, the proper stigmatic 
surface is below the points of the large expansion of the apex of the 
style; ovoid, as in Fuchsia (fig. 390); hemispherical; polyhedral; 
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radiating, as in the Poppy (fig. 409), where the true stigmatic rays 
are attached to a sort of peltate or shield-like body, which may repre- 
sent depressed or flattened styles. Hie lobes of which a stigma con- 
sists may be flat or pointed, as in Mimulus and Bignonia (fig. 406) ; or 
fleshy and blunt, smooth, granular, feathery, as in many Grasses (fig. 
410). In Orchidaceao, the stigma is placed on the column formed by 
the union of the styles and filaments. Hie situation where it occurs 
has been called gynizm (f 433). In Asclepiadaceae the stigmas are 

Pig, 405, to*.— Stigmas, s, of Campanula rotundifolia. ?, Stylo. 

Fig. 406. —Bilamellar stigmas of Bignonia pandorea. The two lamella are applied naturally 
against each other in 1, while in 2 they are artificially separated. 

Fig. 407.— Globular stigma of Mirabilis Jalapa. t, Style. s, Stigma. 

Fig. 408. Circular stigma, s, and t, style of Arbutus Andraclme. 

Fig. 409. — Pistil of Papaver soinniferum, or opium Poppy, o, Ovary, a, Radiating stigmas 
on its summit. 

Fig. 410.— Pistil of Cynodon Dactylon, a G rasa, o, Ovary, a, Feathery stigmas. 
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•united to the face of the anthers, and along with them form a solid 
mass (fig. 353). 

459. In Cryptogjunfc Plants there exist organs called pistillidia , 
which have been supposed to perform the function of pistils. They 
consist of hollow cavities, like ovaries, to which the names of sporangia 
(mja, a spore or seed, and ayyo;, a vessel), and tliecca (Ufay, a sac), 
have been given, containing bodies called spores, equivalent to ovules. 
The sporangia or spore-cases are sometimes immersed in the substance 
of the plant, as in Riccia glauca (fig. 411, 1) ; at other times they are 
supported on stalks or setce (seta, a bristle), as in Mosses. In Mar- 
chantia polymorpha, they consist of distinct and separate expansions, 
having a bottle- like form (fig. 412), the lower part, o, being enlarged, 
containing the spores, and being surrounded by a cellular tube resem- 
bling a calyx, c. From this ovary-like body there is a prolongation 
which may be considered as a style, t, terminated by a cellular enlarge- 



ment, 5, which has been compared to a stigma. The styloid prolongation 
withers and disappears when the spores are mature. Sometimes the 
theejp, as in Lichens, consist of a club-shaped elongated cell or asms 
(fig. 413, 1), containing nuclei or cells in its interior, which form the 


Fig. 411.— 1. Perpendicular section of the frond, /, of Iliccia glauca, and of the sporangium 
or spore-case, o, which is imbedded in it. s, Narrow process or stylo by which the sporangium 
communicates with the external surface. I, Its cavity or loculus, s, Young spores stil united 
in sots of four in the parent cells, t, Colls elongated like roots. 2. One of the cells more highly 
magnified, with the four spores which it contains. Three of the spores are seen, the fourth be- 
ing concealed by them. 

Fit* 419 a»* »nnnu>D(!n Af MorAliunfifl tvilvnmn i! n. s>. JJolloW swelling CODltain- 
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spores. Sometimes these are single, at other times united in sets of two 
(fig. 413, 2), or of four (fig. 411, 2), or of some multiple of four. There 
are various modifications of sporangia in other Cryptogamic tribes. 
Thus, in Ferns, they are often surrounded by an annular ring, or by 
elastic bands, which cause their dehiscence ; while in the Chara they are 
called nucules , and present an oval fonn with a spiral arrangement of 
tubes. 

460. The Ovule. — The ovule is the body attached to the placenta, and 
destined to become the seed. It bears the same relation to the carpel 
that marginal buds do to leaves, and when produced on a free central 
placenta, it may be considered as a bud developed on a branch formed 
by the elongated axis. The single ovule contained in the ovaries of 
Composite} and Grasses, may be called a terminal bud surrounded by 
a whorl of adhering leaves or carpels, in the axil of one of which it is 
produced. In Delphinium elatmn, Brongniart noticed carpels bearing 
ovules, which were sometimes normal, at other times mere lobes of the 
carpel] ary leaf ; and in Aquilegia, Bindley saw ovules transformed into 
true leaves, produced on either margin of the carpel. Henslow has 
seen the ovules of Mignonette become leaves. In such cases the 
vascular bundles of the placenta (pistil lari/ cords) are formed by the 
lateral veins of the carpel lary leaf. These veins pass into the marginal 
lobes or leaflets which represent ovules, and seem to prove that the 
placenta in such cases must be truly a carpellary, and not an axile, 
formation. Godron, from observing monstrosities, says, that in Legu- 
minosa.', the pericarp or seed-vessel is formed by the common petiole 
dilated, the style is probably the terminal leaflet, or tendril, or apiev- 
Inm , while the ovules represent lateral leaflets of the leaf, and are 
modifications of it. 

461. The ovule is usually contained in an ovary, but in Conifera* 

* and Cyadaceae it has no proper ovarian covering, and is called naked. 

In these orders the ovule is produced on the edges, or in the axil of 
altered leaves, which do not present a trace of style or stigma. The 
carpellary leaves are sometimes so folded as to leave the ovules exposed 
or semimde , as in Mignonette. In Leontice thalictroides (blue cohosh), 
the ovules rupture the ovary immediately after flowering, and the 
seeds are exposed. So also in species of Ophiopogon, Peliosanthes, 
and Stateria. In the species of Cuphea, the placenta ultimately bursts 
through the ovary and corolla , becoming erect, and bearing the ex- 
posed ovules . 

462. The ovule is attached to the placenta either directly, when it 
is called smile, or by means of a prolongation called a funiculus {funis, 
a cord), umbilical cord, or podosperm (mvg, a foot, and ffvsgpa, a seed). 
This cord sometimes becomes much elongated after fertilization. The 
placenta is sometimes called the trophosperm (rfsfx*), to nourish). The 
part by which the ovule is attached to the placenta or cord, is its base 
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or kilum, the opposite extremity being its apex. The latter is fre- 
quently turned round in such a way as to approach the base. The 
ovule is sometimes imbedded in the placenta, 

403. In its simplest form, as in the Mistleto, the ovule presents itself 
as a small cellular projection, which enlarges, assumes a no void form 
(fig. 414), and ultimately becomes 
hollowed at the apex (fig. 415 c). 

The cavity thus produced is sur- 
rounded by a mass of cells called the 
nucleus, n, and is destined to contain 
the embryo plant after the process of 
fertilization has been completed. In 
this embryonal cavity, the young plant 
is suspended by a thread-like cellular 
process called suspemor , attached to the summit of the nucleus. This 
cavity in some plants is surrounded by the cells of the nucleus; but, 
in other cases, it becomes lined with a regular epithelial (H 431), or thin 
cellular covering, and constitutes the embryo-sac , which is produced 
before fecundation, and contains the amnios or mucilaginous matter it. 
which the embryo is formed. 

464. The nucleus (fig. 421 n) may remain naked, and form the ovule, 
as in the Mistleto, Veronica hederifolia, Aselepias, &c. ; but in most 
plants it becomes surrounded by certain coverings during the progress 
of development. These appear first in the form of one or more cellular 
rings at the base, which gradually spread over the surface. In some 
cases only one covering is formed, as in Composite!', Campari ulacetv, 
Walnut, &c. Thus, in the latter (fig. 416), the nucleus, n, is covered 
by a single envelope, t, which, in the first instance, extends over the 
base, and then spreads over the 
whole surface (fig. 417), leaving only 
an opening at the apex. In other 
instances (fig. 418), the nucleus, ?/, 
besides the single covering (fig. 41 8, 

2, ti), has another developed sub- 
sequently (fig. 418, 3, te ), which 
gradually extends over the first, 
and ultimately covers it completely. 

There are thus two integuments, an 
outer and an inner — the latter, according to Sehleiden, being tirst pro- 
duced. Mirbel considers the outer as the first formed, and hence has 
called it primine , te, while the inner is denominated semndine , ti. The 
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Fig. 414.— Ovule of the Mistleto, entire. , . - 

Fig. 415.— Ovule of Mistleto, cut to show the embryo-sac, r, and the whole of the rest ot th<- 
mass, w, composed of uniform tissue, and forming a nucleus without m teguments. 

Fig. 416.— Ovule of Juglans regia, the Walnut, t, Simple integument. «, Nucleus, the bast* 
of which only is covered with integument at the early period of development. 

Fig. 417. — The same ovule more advanced, in which the nucleus is nearly completely covered. 
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latter names are in the present day used by botanists as denominating 
the outer and inner covering, without reference to their order of 

0 development. At the apex 
> of the nucleus these integu- 
c ments leave an opening or 

apertures; that in the pri- 
mine (fig. 418, 3, ex), called 
exostome (?£&>, outside, and 

41B 2 41 r ,3 secundine (fig. 418, 3, ed), 

i 4ib, ,V Thn 


foramen of the ovule is also called micropyle (/x/x£o?, small, and kvat], a 
gate) ; but this name is often restricted to its appearance in the seed after 
fecundation. The length of the canal of the foramen depends on the 
development of the nucleus, as well as the thickness of the integuments. 
The embryo-sac is sometimes prolonged beyond the apex of the nucleus, 
as noticed by Meyen in Pliaseolus and Alsine media, and by Griffith in 
Santalum album and Loranthus. Some authors, as Mirbel, consider 
the ovule in reference to the embryo, and speak of five coverings of 
the latter, viz., 1. primine; 2. secundine; 3. tercine, or the nucleus; 
4. quartine, a temporary cellular layer, which is occasionally formed 
at an after period around 5. quintine, or the embryo-sac* By most 
botanists the nucleus and sac with its two integuments, are mentioned 
as the ordinary" structure of the ovule. 

465. All these parts are originally cellular. The nucleus and in- 
teguments are united at the base of the ovule by a cellulo- vascular 
membrane, called the chalaza (fig. 421 ch). This is often coloured, of 
a denser texture than the surrounding tissue, and is traversed by fibro- 
vascular bundles, which come from the placenta, in order to nourish 
the ovule. The hilum indicates the organic base of the ovule, while the 
foramen marks its apex. When the ovule is so developed that the 
union between the primine, secundine, and nucleus with the chalaza, 
is at the hilum or base (next the placenta), and the foramen is at the 
opposite extremity (figs. 417, 418), the ovule is orthotropal , orthotro- 
pons, or atropous (ogtfoc, straight, and rg&Vos, mode, or a, privative, and 
rgsvaj, to turn). This is the state of an ovule when it first makes its 
appearance, and occasionally, as in Polygonaceae, it remains permanent. 
In such ovules, a straight line drawn from the hilum to the foramen 
passes through their axes. 


Fig. 418.- Ovule of Polygonum cymosuro at various ages. n, Nucleus, te, The outer integu- 
ment or primine. ti, The inner integument or secundine. «r, Exostome or opening in the 
primine. ed, Endostome or opening in the secundine. t. Ovule in tin* early state, when the 
nucleus is still naked. 2. Ovule in second stage, when the nucleus is covered at its base by 
the internal integument or secundine only. 3. Ovule in the third stage, when the two integu- 
ments, primine and secundine, form a double covering, at the apex of which the nucleus still 
appears. 
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466. In general, however, changes take place on the ovule, so that it 
deviates from the straight line. Thus it may be curved upon itself, so 
that the foramen approaches to the hihim or placenta, and ultimately is 
placed close to it, while the chalaza is only slightly removed from the 
hilum. This change depends apparently on the ovule increasing more on 
one side than on the other, and as it were drawing the chalaza slightly 
to one side of the hilum opposite to that where the foramen is applied. 
Such ovules are called campybtropcil or mmpylotropoas (xapKvXog, 
curved), when the portions on either side of the line of curvation are 
unequal (fig. 419); or camptotropcil (xa fiwrbg, curved), when they are 
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(fig. 420). Curved ovules are found in Leguminosse, Crucifers, 
and Caryophyllacea 1 . The union between the parts of the curved por- 
tion usually becomes complete, but in some cases there is no union, 
and the ovules are lecutropal , or horse-shoe shaped (Xexog, a hollow 
disk, and mode or form). 



421,1 421,2 421,3 421,4 421,5 


467. When, in consequence of the increase on one side, the ovule is 
so changed that its apex or foramen (fig. 421, 4, w) is in close apposition 

Fig. 419. — Oampylotropal or Campulifcropous ovule of the Stock. 1. Ovule entire. 2. Ovule 
cut lengthwise. /, Funiculus or umbilical cord, c, Chalaza. n. Nucleus, te, Pr inline or outer 
covering, ti , Hecundine or inner covering, esc, Kxostnme. cd, Endostome. 

Fig. 420. — Car}»el of Meni sperm urn canadense, with a curved or campy] otropous ovule, o. 
f, Funiculus. «, The base of the style. 

Fig. 421. — Ovule of Chelidonium majus at different stages of development, h, Hilum or um- 
bilicuB. ch, Chalaza. /, Funiculus or umbilical cord, r, Raphe, a, Nucleus, ti, Secundine. 
te, Primiue. ed, Endostome. ex, Exostome, 1. First stage: nucleus still naked. 2. Second 
stage : nucleus covered at its base by the secundine. 3. Third stage : the primine developed 
and covering the secundine at its base. 4. Fourth stage : the ovule completely reflected, and 
its point turned downwards. 5. The same cut longitudinally, to show the relation of its different 
parts. 
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to the hilum (fig. 421, 5, A), and the chalaza is also carried round so 
as to be at the opposite extremity (fig. 421, 5, c\ then the ovule 
becomes inverted, anatropal or anatropous (dvocrgstrco, to subvert). 
In this case (fig. 422), the union of the chalaza, ch, with the nucleus, 
n, is removed from the hilum, and the connection 
between the chalaza and placenta is kept up by a vas- 
cular cord, r, passing through the funiculus, and called 
the raphe (gap*}, a line). The raphe often forms a 
ridge along one side of the ovule, and it is usually 
on the side of the ovule next the placenta. Some 
look upon this kind of ovule as formed by an elongated 
funiculus (fig. 421, 5,/) folded along the side of the 
ovule, and becoming adherent to it completely; and 
support this view by the case of semi-an (tiro pal ovules, 
where the funiculus is only, as it were, partially 
attached along one side, becoming tree in the middle; and also by cases 
where an anatropal ovule, by the separation of the funiculus from its 
side, becomes an ortkotropal seed. 

468. The anatropous form of the ovule is of very common occurrence, 

and may probably aid in the process of fertilization. Ovules which are 
at first orthotropous, as in Chelidonium majus (fig. 421, 2), become 
often anatropous in the progress of development (fig. 421, 4). When 
the ovule is attached to the placenta, so that the hilum is in the middle, 
and the foramen and chalaza at opposite ends, it becomes transverse, 
amphitropal or heterotropal around, zretog, diverse). 

469. The nucleus of the ovule becomes hollowed at a particular part 
(fig. 415 c) : so as to form a cavity. Mirbel states that the whole nucleus 
is transformed into a membrane willed the tercine , lining the secundine, 
and that in its interior another covering, the quartinc , and finally, the 
embryo-sac, are produced. The view, however, generally adopted, is 
that the embryo-sac is formed within the nucleus, assuming a greater 
or less size according to circumstances, and in some instances reducing 
the nucleus to a mere external sac. In the interior of the embryo- 
sac, cellular layers are deposited from without inwards, the earlier 
ones probably forming the fugacious quartinc. of Mirbel. 

470. In the Mistleto there are two or three embryo-sacs. The neck 
of the embryo-sac in Veronica and Euphrasia becomes elongated and 
.swollen, and from it are developed certain cellular or filamentous 
appendages, which are probably connected with the nutrition of the 
embryo. 

471. The position of the ovule relative to the ovary varies. When 
there is a single ovule, it may be attached to the placenta at the base 
of the ovary (basal placenta ), following a straight direction, and being 

Fig. 422. — Anatropous ovule of Dandelion, cut vertically, ch, Clialaza. r, Raphe. Nucleus, 
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erect , as in Polygonaceae and Composite (fig. 423); or it may be inserted a 
little above the base, on a parietal placenta, with the apex upwards (fig 
424), and then is called c mending , as in Parietaria. It may hang from 
an apicilar placenta at the summit of the ovary, the apex being down- 
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wards, and be inverted or pendulous , as in Ilippuris vulgaris (fig. 425), 
or from a parietal placenta near the summit, and be suspended , as in 
Daphne Mezereum (fig. 420), Polygalacefe, and Euphorbiacesc. Some- 
times a long funiculus arises from a basal placenta, reaches the sum- 
mit of the ovary, and suspends the ovule, as in Armeria ; at other 
times the hilum or true organic base appears to be in the middle, and 
the ovule becomes horizontal , peltate ( pelta , a shield), or peritropous 
( re j /, arc mnd, and to turn). All these modifications are influenced 

by the relative position of the hilum and foramen, the length of the 


funiculus, and its adhesion, as well 
as the position of the placenta. 

472. When there are two ovules 
in the same cell, they may be 
either collateral , that is, placed side 
by side (fig. 427), or the one may 
be erect and the other inverted, 
as in some species of Spiraea and 
dEsculus (fig. 428), or they may be 




placed one above another, each 


following the same direction. Such is also the case with ovaries con- 


Fig. 423 — 42(5. — Carpels belonging to different flowers, cut vertically to show the different 
directions of the solitary ovule, o, contained in them. /, Funiculus, r, liaphe c, Chalaza. 
8, Base of the style. 

Fig. 423. — Carpel of Senecio vulgaris, with a straight or erect anatropous ovule. 

Fig. 424. — Carpel of Parietaria officinalis, pellitory, with an ascending orthotropous ovule. 

Fig. 425. — Carpel of Hippuris vulgaris, Mare’s-tail, with a reversed or pendulous anatropous 
ovule. 

Fig. 420. — Carpel of Daphne Mezereum, with a suspended anatropous ovule. 

Fig. 427.— Carpel of Nuttallia cerasoides, with two suspended collateral ovules, o, One of the 
ovules. /, Funiculus. $, The base of the style. 

Fig. 428. — One of the loculaments of the ovary of jEscuIub hybrida, laid open to show two 
ovules, oo, inserted at the same height, but turned in different directions, m in, Micropyle in- 
dicating their apex, s, Base of the style. 
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taining a moderate or definite number of ovules. Thus, in the ovary 
of Leguminous plants (fig. 429), the ovules, o, are attached to the 
extended marginal placenta, one above the other, forming usually two 

parallel rows corresponding to each 
margin of the carpel. When the 
ovules are definite (uniform and 
can be counted), it is usual to find 
their attachment so constant as to 
afford good characters for natural 
orders. When the ovules are very 
numerous or indefinite , while at 
the same time the placenta is not 
much developed, their position ex- 
hibits great variety, some being 
directed upwards, others downwards, 
others transversely (fig. 430), and their form is altered by pressure 
into various polyhedral shapes. In such cases it frequently happens 
that some of the ovules are arrested in their development and become 
abortive. In Cryptogamous plants, in place of ovules there are cellu- 
lar bodies called spores , to which allusion will be made when the seed 
is considered. 



4, — FUNCTIONS OF TIIB FLORAL ENVELOPES. 

473. The bracts and c;ilyx, when of a green colour, perform the 
same functions as leaves, giving off oxygen under the influence of light, 
and producing the carbonized substance called chlorophylle. They 
are consequently concerned in the assimilation of matters fitted for the 
nutrition of the flower, and they aid in protecting the central organs. 
The corolla, along with the thalamus and disk, is concerned rather 
with development than with respiration. Hence it does not in general 
produce chlorophylle, nor does it give off oxygen. It protects the 
essential organs, and eliminates carbonic acid by a process of oxidation. 
The starch granules contained in it, as well as in the thalamus and 
disk, are not altered by the respiratory process, so as to become more 
highly carbonized, but are oxidized, so as to be converted into saccha- 
rine matter. The quantity of oxygen absorbed was determined by 
Saussure. He found that double flowers absorbed less in proportion 
to their volume than single flowers ; that the essential organs contained 
more oxygen than the floral envelopes ; and that the greatest absorp- 
tion took place when the stamens and pistil were mature. 


Fig. 429. — Carpel or legume of Ononis rot undifolia, with several campylotropous ovules, o, 
placed one above the other. /, Funiculi, s, Base of the style. 

Fig. 430.— Loculament of the ovary of Pegamun II amiala, with numerous ovules, o, attached 
to a projecting placenta, p, and pointing in different directions, s, Base of style. 
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474. The following are some of Saussure’s experiments : — 


Oxygen Consumed — 

N-e. %£$£& By Flowers entire. By EssenUa! Organs, 

Stock, single, 24 hours. 11*5 times their voh 18* times then* voL 

Stock, double, — 7*7 — 

Tuberose, single, — 9* — 

Tuberose, double — 7*4 — 

Indian Cress, single, — 8*5 16*3 

Indian Cress, double, — 7*25 — 

Brugmansia arborea, — 9* — 

Passifiora serratifolia, — 18*5 — 

Gourd, male flower, 10 — 7*0 10* 

Gourd, female, 24 — 3*5 — 

Hibiscus speciosus, 12 — 5*4 G*3 

Hypericum calycinum 24 — 7*5 8*5 

Cobsea scandens, — G*5 7*5 

Arum itiilicum, — — 30* 

Typha latifolia, — 9*8 — 

White lily, — 5* — 

Castanea vulgaris, — 9*1 — 


475. While this oxidation is going on, carbon is given off in the 
form of carbonic acid, and heat is developed by the combination between 
the oxygen and carbon. Experiments have been performed by La- 
marck, Schultz, Huber, Saussurc, Brongniart, Vrolik, and De Vriese, 
as to the amount of heat produced during flowering, especially by 
species of Arum, Caladium, and Colocasia. These are plants in which 
the floral envelopes are nearly absent, while the essential organs, the 
torus and growing point, attain a high degree of development, forming 
a spadix enclosed in a large spatha. No heat could be detected when 
the contact of oxygen was prevented, either by putting the plants into 
other gases, or by covering the surface of the spadix with oil. The 
surface of the spadix is the part whence the heat was chiefly evolved. 
The Arum cordifolium occasionally had a temperature 20° or 30° above 
that of the surrounding air ; Arum maculatum 17° to 20°; and Arum 
Dracunculus and other species still higher. The following observations 
were made by Brongniart on the spadix of Colocasia odora. The spathe 
opened on the 14th of March ; the discharge of pollen commenced on 
the 16th, and continued till the 18th. The maximum temperature 
occurred at different hours. 


maximum. aboV etbeAir. 

14th March, 3 p.m. 4*5 Cent. 

15th — 4 — 10*0° 

16th — 5 — 10*2° 


maximum. al30V e the Air. 

17th March, 5 p.m. 11*0° Cent. 

18th — 11 a.m. 8*2° 

19th — 10 — 2-5* 


476. Vrolik and De Vriese made a series of observations on the 
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same plant, and have given the results for every half hour. The fol- 
lowing are some of these results : — 


Hour. 

Temperature 
of Plant. 

Temperature 
of A ir, 

Hour. 

Temperature 
of Plant. 

Temperature 
of Air. 

11-30 

20*6 Cent. 

18*3 Cent. 

3 

25-0 Cent. 

15-6 Cent. 

12 

2 IT — 

18*7 — 

3-30 

244 — 

15-0 — 

12-30 

23*3 — 

19*4 — 

4 

23*3 — 

15*0 — 

1 

244 — 

19*4 — 

5 

22*2 — 

18-7 — 

1-30 

24-4 — 

18*9 — 

6 

21*0 — 

18-7 — 

o 

25*6 — 

17*2 — 

7 

20-0 — 

18-7 — 

2-30 

26*5 — 

1 5*6 — 





The greatest amount of heat observed was at 2-30 p.m., when it was 
1 0*9 ° above the temperature of the air. On the previous day the maxi- 
mum occurred at 3 p.m., and on the following day at J, but then it 
was only 8*2° above that of the air. Deoandolle states that at Mont- 
pelier, Arum italieum attained the maximum of temperature about f> 
p.m. Saussure observed similar phenomena, but to a less extent, in 
the Gourd, where the temperature varied from 1*8 U to 3*0° ; also in 
Bignonia radicans, from 0*9 C to 3°. From all these experiments, it 
would appear that in the Aracc&t and some other plants, especially at 
the period when the essential organs reach maturity, there is a produc- 
tion of heat, which increases during the performance of their functions, 
attaining a daily maximum, and ultimately declining. 

477. While these changes are taking place, the starch is converted 
into dextrine, and ultimately into grape-sugar, which, being soluble, 
can be immediately applied to the purposes of the plant. The honey- 
like matter thus formed is ston'd up frequently at the base of the 
petals, in little pits or nectaries, as in Fritillary, Asarum, Ac. It is 
considered by A auchor and others as performing an important office in 
fertilization, covering the stigma, and aiding in the dispersion and rup- 
ture of the pollen grains. Bees and other insects, in collecting the 
saccharine matter, also scatter the pollen. 

478. Flowering takes place usually at a definite period of the plant’s 
existence. It requires a considerable amount of nutrient matter, and 
its occurrence is #ccompanied with a greater or less exhaustion of the 
assimilated products. Hence, a certain degree of accumulation of sap 
seems necessary in order that flowering may proceed. Annual plants 
are so exhausted after flowering as to die ; but, by retarding the epoch 
tor two or more years, as by nipping off the flower buds, time is 
allowed for accumulating sap ; the* stems, from being herbaceous, be- 
come shrubby, and sometimes, as in the Tree-Mignonette, they may be 
made to live and flower for several years. Perennial plants, by the 
retardation of flowering, are enabled to accumulate a greater amount 
of nutritive matter, and thus to withstand the exhaustion. Many cul- 
tivated plants, which lay up a large store of nutriment in the torn of 
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starch, lose it when the plants shoot out a flowering stem. This is 
seen in the case of Carrots and Turnips, in which the succulent roots 
become fibrous and unfit for food when the plants are allowed to run 
to seed. The receptacle of the Artichoke, and many Composite, which 
is succulent before the expansion of the flowers, becomes dry as the 
process of flowering proceeds. The juices of plants then, when re- 
quired for the purpose cither of food or medicine, ought in general to 
be collected immediately before flowering. 

479. By cutting a ring out of the bark of trees, and thus retarding 
the descent of the sap, the period of flowering is sometimes hastened. 
Again, when the period of flowering is long delayed, either naturally, 
as in Agave and several palms, or art ificially, the process, when it does 
begin, proceeds with amazing rapidity and vigour. In such cases this 
rigorous flowering is often followed by the death of the plant. Richard 
mentions, that a plant of Agave, which had not flowered for nearly a 
century, sent out a floAvering stem of feet in 87 days, increasing at 
one period at the rate of one foot a day. Common fruit trees, when 
they begin to flower, often do so luxuriantly ; but if, from the season 
being bad, there is a deficiency in flowering, it- frequently happens that, 
from the accumulation of sap, the next year's produce is abundant. 

480. If plants are allowed to send out their roots very extensively 
in highly nutritive soil, the tendency is to produce branches and leaves 
rather than flowers. In such cases, cutting the roots or pruning the 
young twigs may act beneficially in checking the vogetathm functions. 
In pruning, the young shoot is removed, and the buds connected with 
the branch of the previous year are left, which thus receive accumu- 
lated nourishment. Grafting, by giving an increase of assimilated 
matter to the scion or graft, (see section on Fruiting), and at the same 
time checking luxuriant branching, contributes to the hastening of the 
flowering. 

481. The period of flowering of the same plant varies at different 
seasons, and in different countries. During the winter in temperate 
climates, and during the dry season in the tropics, the vegetative pro- 
cess is checked, more especially by the diminished supply of moisture, 
and the arrestment of the circulation of the sap. The assimilated 
matter remains in a state of repose, ready to be applied to the purposes 
of the plant when the moisture and heat again stimulate the vegetable 
functions. This stimulation occurs at different periods of the year, 
according to the nature of the climate. By observing the mode of 
flowering of the same species of plant in successive years, conclusions 
may be dravro as to the nature of the seasons in a country 5 and by con- 
trasting these periods in different countries, comparisons may be insti- 
tuted as to the nature of their climate. Thus valuable floral calendars 
may be constructed. 

482. Plants are accommodated to the climate in which they grow, 
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and flower at certain seasons ; and even when transferred to other 
climates where the seasons are reversed, they still have a tendency to 
flower at their accustomed period of the year. Again, in the same 
climate, some individuals of a species, from a peculiar idiosyncrasy, 
regularly flower earlier than others. Decandolle mentions a horse- 
chestnut at Geneva, which flowered always a month before the rest in 
the neighbourhood. From such individuals, by propagation, gardeners 
are able to produce early-flowering varieties. 

483. There is a periodicity in the hours of the day at which some 
species open their flowers. Some expand early, some at mid-day, 
others in the evening. The flowers of Succory open at 8 a.m., and 
close at 4 p.m. ; those of Tragopogon porrifolius, or Salsafy, close about 
mid-day. .Linnaeus constructed a floral clock or watch, in which the 
different hours were marked by the expansion of certain flowers. The 
periods, however, do not seem to be always so regular as he remarked 
them at UpsaL The following are a few of these horological flowers, 
with their hours of opening : — 

Jpomcea Nil, 

Tragopogon pratense, 

Pap aver nudicaule, 

Hypoclneris mucnlata, . 

Various species of Sonehus and Hieraciurn, 

Lactuca sativa, 

Specularia Speculum, 

Calendula pluvialls, 

Anagallis arvensis, 

No I ana prostrata, 

Calendula arvensis, 

Arenaria rubra, 

Mesetnbryantliomum nodiflorum, 

Omithogalum urnbellatum, ( Dame d\mze fieures ,) 

Various Ficoideous plants, 

Scilla pomeridiana, 

Scilene noetiflora, 

(Enothera biennis, 

Mirabilis Jalapa, 

Cereus grandifiorus, 


... 3 to 4 A.M. 
... 4 ... 5 — 
... 5 — 

... 6 — 
... 6 ... 7 — 
... 7 — 

} 7 ... 8 — 

... 8 — 
... 8 ... 9 — 
... 9 — 

... 9 ...10 — 
...10 ...11 — 
...11 — 

...12 — 

... 2 P . M . 
... 5 ... G — 
... 0 — 
... 0 > ... 7 — 
... 7 ... 8 — 


484. Plants which expand their flowers in the evening, as some 
species of Hesperis, Pelargonium, &c., were called by Linnaeus plantar 
tristes on that account. Several species of Cooperia and of Cereus, also 
Sceptranthus Drummondii, are nocturnal flowers. Some flowers open 
and decay in a day, and are called ephemeral , others continue to open and 
close for several days before withering. The corolla usually begins to 
fade after fecundation has been effected. Many flowers, or heads of 
flowers, do not open during cloudy or rainy weather, and have been 
called meteoric. Composite plants frequently exhibit this phenomenon, 
and it has been remarked in Anagallis arvensis, which has hence been 
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denominated the “ poor man’s weather-glass.” The closing of many 
flowers in such circumstances protects the pollen from the injurious 
effects of moisture. 

485. The expansion and closing of flowers is regulated by light and 
moisture, and also by a certain law of periodicity. A plant accustomed 
to flower in day-light at a certain time, will continue to expand its 
flowers at the wonted period, even when kept in a dark room. De- 
candolle made a series of experiments on the flowering of plants kept 
in darkness, and in a cellar lighted by lamps. He found that the law 
of periodicity continued to operate for a considerable time, and that in 
artificial light some flowers opened, while others, such as species of 
Convolvulus, still followed the clock hours in their opening and 
closing. 

486. Light has been said also to have an effect on the direction which 
flowers assume. Some Composite, as Hypochferis radicata and Apar- 
gia autumnahs, are stated by Henslow to have been seen in meadows, 
where they abound, inclining their flowers towards the quarter of the 
heavens in which the sun is shining. A similar statement has been 
made regarding the Sun-flower, but it has not been confirmed in this 
country at least. Perhaps in its native clime, where the effect of the 
sun’s rays is greater, the phenomenon alluded to may be observable. 
Vaucher mentions the effects of light on the direction of the flowers of 
many plants, as Narcissuses and certain species of Melampyrum. 

487. It is of importance, both as regards meteorology and botanical 
geography, that observations should be made carefully on what are 
called the annual and diurnal periods of plants : the former being the 
space of time computed between two successive returns of the leaves, 
the flowers, and the fruit ; and the latter, the return of the hour of the 
day at which certain species of flowers open. The same species should 
be selected in different localities, and care should be taken that the 
plants are such as .have determinate periods of flowering. Rules as 
to the mode of observing periodical phenomena in plants have been 
drawn up by the British Association, and a committee has been ap- 
pointed to carry this into effect. The committee has published (1.) a 
list of’ plants to be observed for the periods of foliation and defolia- 
tion ; (2.) a list of plants to be noticed for flowering and ripening of 
the fruit ; (3.) a list of plants to be observed at the vernal and autum- 
nal equinoxes, and summer solstice, for the hours of opening and closing 
their flowers. 

ft, — FUNCTIONS OF THE STAMENS ANT> PISTIL — FERTILIZATION OR FECUNDATION. 

488. The stamens and pistil are called the Essential Organs of 
flowering plants, inasmuch as without them reproduction cannot be 
effected. The stamens, considered as the male organs, prepare the 
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pollen, which is discharged by the dehiscence of the anther. The 
pistil, or the female organ, is provided with a secreting surface or 
stigma, to which the pollen is applied in order that the ovules con- 
tained in the ovary may be fertilized. 

489. The existence of separate sexes in plants appears to have been 
conjectured in early times, as shown by the means taken for perfecting 
the fruit of the Date Palm. In this palm, the stamens and pistils are 
on separate plants; and the Egyptians were in the habit of applying 
the sterile flowers to those in which the rudiments of the fruit appeared, 
in order that perfect dates might be produced. This practice appears 
to have been empirical, and not founded on correct notions as to the 
parts of the plant concerned in the process. In the case of the Fig, 
they were in the habit of bringing wild figs in contact with the culti- 
vated ones, on the erroneous supposition that a similar result was pro- 
duced as in the case of the Date, proving that they were not aware of 
the fact, that in the Fig there are stamens and pistils present on the 
same receptacle. The effect produced by the wild figs, or the process 
of caprijication ( caprijicm , a vvil cl fig-tree), as it was called, seems to 
depend on the presence of a species of Cynips, which punctures the 
fruit, and causes an acceleration in ripening. The presence of sexual 
organs in plants was first shown in 1676, by Sir Thomas Millington, 
and it was afterwards confirmed by Grew, Malpighi, and Kay. Lin- 
naeus made it the basis of his artificial system of classification. 

490. Numerous proofs have been given of the functions of the sta- 
mens and pistils, especially in the case of plants where these organs are 
in separate flowers, either on the same or on different plants. Thus, a 
pistilliferous specimen of Palm (Chama?rops humilis), in the Leyden 
Botanic Garden, which had long been unproductive, was made to pro- 
duce fruit by shaking over it the pollen from a staminiferous specimen. 
The same experiment has on several occasions been performed in the 
Botanic Garden at Edinburgh, and the fruit thus ripened has furnished 
seeds which have germinated. Similar results were observed in the 
case of the Pitcher plant. In Cucumbers, when the staminiferous 
flowers are removed, no perfect fruit is formed. Kemoving the sta- 
mens in the very early state of the flower, before the pollen is perfectly 
formed, prevents fertilization. Care must be taken, in all such experi- 
ments, that pollen is not wafted to the pistil from other plants in the 
neighbourhood, and the result must be put to the test by the germina- 
tion of the seed ; in some instances, the fruit enlarges independently of 
the application of the pollen, without, however, containing perfect seed. 
Thus, a species of Carica was fertilized by the application of pollen, and 
produced perfect fruit and seed, and it continued for at least one year 
afterwards to have large and apparently perfect fruit, but the ovules 
were abortive. 

491. Some authors maintain, that in the case of Hemp, Lychnis 
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dioica, and a plant called Coelebogyne, perfect seeds have been pro- 
duced without the influence of any substance equivalent to pollen ; but 
these statements have not as yet been confirmed. On the contrary, 
in Phanerogamous or flowering plants, all experiments lead to the con- 
clusion that there are distinct sexual organs. 

492. In Cryptogamous or flowerless plants, considerable doubts have 
been entertained as to the existence of such organs. There seem 
to be in this case cells of different kinds, which require to be brought 
into contact in order that spores (which are equivalent to seeds) 
may be produced. These reproductive cells are of two kinds, and 
they are situated either together or apart, on the same or on dif- 
ferent individuals. One of these is the Antheridium , a cellular body 
containing granular matter, and Phytozoa ( <purov , a plant, and 
living), or minute bodies which exhibit movements ; the other is the 
Pistillidium or Archcyonium (dpyji, beginning, and yrmg, offspring), con- 
taining spores which germinate, and which are 
sometimes provided with cilia (figs. 431 — 434), 
so as to become Zoospores (^wk, living, and 
tferopa, a seed or spore), or moving spores. The 
contact of the Antheridium and Pistillidium 
is by many considered as necessary for the fer- 
tilization of the spore. In other cases, as in 
Conferva; and Diatomaceae, there is a union of 
the cells of the plant by conjugation , so as to 
produce germinating bodies, in these cases, 
the contents of one cell pass, by the formation 
of a tube, into the other. In Zygnema, this con- 
jugation gives rise to germinating bodies in the 
interior of one of the cells of the plant; in Diatomacea?, on the outside 
of the cells. 

493. The union of two kinds of erulochrome (svdov, within, and 
colour), or of two kinds of coloured particles, appears in these plants 
to give rise to the sporangium or spore-case, and the spore. Some- 
times the two kinds of endoclirome are in separate plants, as already 
noticed, and then conjugation unites them, and causes a mixture of the 
etidochrome; while in Meloseira, &c., the different kinds are apparently 
situated in different parts of the same cell, and movements take place 
towards the centre, by which their union is effected and a spore pro- 
duced. In Ferns, Mosses, &c., there have been detected separate cel- 
lular bodies, the union of which is considered necessary for the perfec- 
tion of the spores. In many Cryptogamic plants, besides this kind of 

Fig. 431 — 484. — Spores of different fresh-water Alga*. 

Fig. 431. — Spores of a Conferva, with two vihmtile cilia. 

Fig. 432. — Spore of a CUffitopliora, with four cilia. 

Fig. 433. — Spore of a Prolifera, with a circle of cilia. 

Fig. 434. — Spore of a Vauchoria, covered with cilia. 


431 432 



433 134 
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reproduction, there is also a formation of new cells by a constant 
process of fissiparous or merismatic division (% 24), which may be 
considered as analogous to the formation of buds, and which per- 
haps depends on certain changes similar to fecundation going on in the 
interior. 

494. In flowering plants, various provisions are made for insuring 
the application of the pollen to the stigma. The comparative length 
of the stamens and pistils, their position, and the dehiscence of the an- 
thers, are all regulated with this view. The existence of spiral cells 
in the endothecium lias reference apparently to the bursting of the 
anther, and the scattering of the pollen. The number of pollen grains 
produced is also veiy great. Ilassall says that a single head of Dande- 
lion produces upwards of 240,000, each stamen of a Pseony 21,000, a 
Bulrush 144 grains by weight. It has been stated, that a single plant 
of Wistaria sinensis produced 6,750,000 stamens, and these, if perfect, 
would have contained 27,000,000,000 pollen grains.* In the case 
of Evergreens, such as Firs, the quantity of pollen is enormous, 
apparently to insure its application notwithstanding the presence of 
leaves. The pollen from pine forests has been wafted by the winds to 
a great distance, and is said to have fallen on the ground like a shower 
of sulphur. 

495. The quantity of pollen required for impregnation varies. Kbel- 
reuter says, that from fifty to sixty grains of the pollen of Hibiscus Trio- 
num are required to fecundate the fruit completely, containing about 
thirty ovules. The ovary of Nicotiana, Datura, Lychnis, and Dianthus, 
according to Gartner, may be completely fertilized by the pollen of a 
single perfect anther. In Geum, from eight to ten anthers, out of 
eighty-four to ninety-six contained in each flower, are sufficient to 
fertilize from eighty to one hundred and thirty ovules contained in the 
ovary. 

496. In many trees in which the organs of reproduction are in 
separate flowers (as Hazel and Willow), the leaves are not produced 
until fertilization has been effected. The protection of the pollen from 
the direct influence of moisture, is effected by the closing of the flowers, 
by the elasticity of the anther-coat only coming into play in dry 
weather; and in aquatics, either by a peculiar covering, as in Zostera, 
or by the flowers being developed above water, as in Nymphaea, Lo- 
belia, Stratiotes, and Hottonia. In Vallisneria spiralis, a plant growing 


* The following estimate was made of the amormt of flowers, stamens, &e., in a single speci- 
men of Wistaria sinensis: — 


Number of clusters of Flowers 9,000 

— individual Flowers 675,000 

Petals 3,375,000 

Stamens 6,750,000 

Ovules 4,050,000 


For the purpose of fertilizing these ovules, the anthers, if perfect, would have contained about 
27,000,000,000 pollen grains, or about 7000 jftains to each ovule. 
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in the mud of ditches, the staminiferous plants are detached from the 
soil, float on the surface of the water, and produce there flowers and 
pollen; while the pistilliferous plants send up a long peduncle (fig. 
228), which accommodates itself to the depth of the water by being 
spiral, and bears on its summit the flower with the pistil. By this 
means the two organs are brought into contact, and fertilization is 
effected. Lagarosiphon muscoides, an aquatic plant from Africa, shows 
similar phenomena in regard to impregnation as are seen in Vallis- 
neria. When continued wet weather comes on after the pollen has 
been matured, and has begun to be discharged, it often happens that 
little or no fruit is produced. In flowers where the anthers burst in 
succession, the injury done by moisture is less likely to extend to all. 

497. In some plants the stamens, at a certain period of their develop- 
ment, move towards the pistil, so as to scatter the contents of the anther. 
In Parnassia palustris and Rue, they do so in succession. In Ralmia, 
the anthers are contained in little sacs or pouches of the corolla, until 
the pollen is mature, and when the expansion of the corolla, and the 
elasticity of the filament, combine to liberate them, they spring towards 
the pistil with a jerk. In Parietaria officinalis, and in the Nettle, the 
spiral filament is kept in a folded state until the sepals expand, and 
then it rises with elastic force and scatters the pollen. Similar pheno- 
mena are observed in the Comus canadensis. In the various species 
of Barberry, the inner and lower part of the filament is irritable, and 
when touched it causes the stamen to move towards the pistil. This 
takes place naturally when the anther is ripe, and the recurved valves 
covered with pollen are ready to be applied to the stigma. The species 
of Stylidium have their anthers and stigma seated on a column, the 
base of* which is slightly swollen and irritable. When a stimulus is 
applied, this column passes with considerable force from one side of 
the flower to the other, rupturing the anther lobes, and thus aiding in 
fertilization. 

498. In certain plants the agency of insects is employed to ensure 
fecundation. In species of Aristolochia, the tube of the calyx com- 
pletely encloses the organs of reproduction, and the stamens are placed 
below the stigma, so that the pollen can neither be applied directly, 
nor be carried by the winds. These plants are said to be frequented 
by insects, which enter the tubes and reach the little chamber at the 
base, with the view of collecting saccharine matter. The deflexed 
hairs in the interior of the tube prevent their escape, and in their 
movements they apply the pollen to the stigma. When this is accom- 
plished, the flower withers, and the insects escape. Orchidaceous 
plants have remarkable flowers, which resemble bees, flies, spiders, 
and in general the insects of the country in which they grow. They 
also contain a large quantity of honey-like matter connected with the 
essential organs, which attract insects. These insects, in searching for 
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food, detach the pollen masses, which are easily removed from the 
clinandrium, or the part of the column on which they are placed, and 
then naturally fall on the stigruatic surface. Bees and aphides may, 
in many instances, contribute to the process of fertilization. 

490. While the pollen is being elaborated, the stigma is also under- 
going changes. It secretes a viscid matter ready to detain the pollen 
grains when they are discharged. This secretion was represented by 
Dr. Aldridge to be, in some cases, acid ; but it seems more generally 
to be of a mucilaginous or saccharine nature. Vaucher thinks that 
the nectariferous fluid usually found in the flower spreads itself over 
the stigma, and that it is sometimes instrumental in conveying the 
pollen grains. In Goldfussia or Euellia anisophylla, and the species 
of Campanula, as media, Kapunculoides, and Trachelium, the style is 
covered with collecting hairs, which appear to aid in the application of 
the pollen. In the first-mentioned plant, a remarkable curvation of 
the style takes place, so as to make the stigma come into contact with 
the hairs. In Campanula, the hairs on the upper part of the style 
seem to collect the pollen, and allow it to be applied to the revolute 
branches of the stigma. In this genus the style is at first slightly 
longer than the stamens, but it soon becomes twice their length, and, 
during its elongation, the hairs upon it brush the pollen grains out of 
the anther cases, and thus raise them into a position where they can 
be applied ultimately to the stigmatic suiface. The stigma consists of 
two branches, which are at first erect, but afterwards, by changes in 
the cells, become completely revolute, so as to come into contact with 
the hairs. After the hairs have performed their office, their fine inner 
membrane collapses by a process of end osmose, and the stiff outer 
membrane is drawn inwards, so as to retire within its cell. After the 
pollen reaches the stigma, changes take place in it, by which the fo villa 
contained in the inline of the grains is allowed to escape. This fovilla 
consists of minute molecules exhibiting certain movements, which by 
some have been considered analogous to those of phytozoa in Crypto- 
gamic plants, or spermatozoa in the animal kingdom. Others look 
upon these motions as entirely molecular. 

500. The length of* tune during which the pollen retains its vitality, 
or power of effecting fertilization, varies in different plants. Accord- 
ing to Gartner and others, the pollen of* some species of Nicotiana 
retains its vitality only for forty-eight hours ; pollen of various species 
of Datura, two days ; pollen of Dianthus Caryopbyllus, three days ; 
pollen of Lobelia splendens, eight or nine days ; pollen of* Cheiranthus 
Cheiri, fourteen days ; pollen of Orchis abortiva, two months ; pollen of 
Candollea, one year ; pollen of* Date Palm, one year or more. Michaux 
says, that in some Palms, as Date and Chamserops humilis, the pollen 
may be applied successfully after having been carefully kept for 
eighteen years. The pollen retains its vitality longer when not removed 
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from the anthers ; and the finer it is, the more quickly it loses its 
fecundating property. 

501. Theories of Embryology. — So far as the application of the pollen 
to the stigma is concerned, the process of fertilization can be easily 
traced, but the changes which are subsequently produced on the pollen 
grain and the ovule are very obscure, require minute microscopic 
research, and have led to numerous conflicting theories of Embryology. 
It has been already stilted, that some physiologists, especially Bemhardi, 
believe, that in the case of Hemp, Lychnis dioica, and some other 
plants, an embryo, or young plant, can be produced without the in- 
fluence of the pollen. These views have not been confirmed. It has 
been supposed that in such plants as Hemp, where the stamens and 
pistils are generally on separate individuals, there may occasionally occur 
instances in which they are developed on the same plant. It is known 
that this takes place in other cases. Tims, a specimen of Chamserops 
humilis, or European Fan-palm, in the Botanic Garden of Edinburgh, 
which had for upwards of twenty years shown pistilliferous flowers only, 
exhibited, in 1847, both pistilliferous and staminiferous clusters,* and 
produced perfect fruit without an artificial application of pollen. Again, 
in Dioecious plants growing in the open air, the pollen may be carried 
from other plants by the wind, and thus produce perfect seed. There 
are thus numerous sources of fallacy in Bernhardi’s observations; and 
(Lertuers recent experiments seem to prove that Hemp is no exception 
to the ordinary rule. Some, on the supposition of the correctness of 
Bernhardi’s views, have thought that the case might be analogous to that 
of some Aphides, where one impregnation is sufficient to produce several 
generations. Mr. Smith has recently stated, that a female plant of* 
Coilebogyne, belonging to the natural order Euphorbiaceai, produced 
perfect seeds in the garden at. Kew, without any apparent contact of 
pollen ; and Gasparrini maintains, that in the case of the cultivated 
Fig, the seeds are the product of pistillate flow r ers only. Such cases, 
if proved, will modify the views entertained relative to the action of 
pollen. Can it be that, as in the case of some Cryptogamics, there are 
in these anomalous cases two kinds of cells present in the same organ, 
some with fertilizing matter, and others containing the rudiments of 
ovules, or of the embryo ? 

502. The subject of Embryology, or the development of the embryo 
in the seed, has attracted much attention of late, and numerous opinions 
have been advanced. There are many discrepancies as to the contents 
of the ovule before impregnation ; some maintaining that the cavity of 
the nucleus, or the embryo-sac alone, is developed before the pollen 
is applied ; others, that besides it there is a utricle, or vesicle, in its 
interior, which forms the first embryonic cell. The tubes in contact 


It has done so also in 1848. 
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with the ovule, are by some said to be derived from the pollen ; by 
others, from the ovule itself; and by a third set, from the conducting 
tissue of the style. 

503. Some maintain that the pollen grains burst on the stigma, and 
scatter the lovilla directly upon it, the influence of which is conveyed by 
the conducting tissue to the ovule. Hartig seems to adopt this view 
in some cases, as well as Gasparrini, who, from observations on the 
Orange-tree and Cytinus, thinks that, as the result of this iniluence, 
a filament or cellular prolongation is sent from the lower extremity of 

the style into the ovule. Almost all 
modern physiologists discard this view, 
and believe in the formation of pollen 
tubes, which were so ably demonstrated 
by Brown in Orohidacea? and Ascle- 
piadacea*, and have subsequently been 
shown by Sehleiden, Amici, Brongniart, 
Meyen, Mold, Muller, Griffith, and 
others. These tubes, which vary in 
size, being often about 2 TmT <7 inch in 
diameter, may be easily traced, in many 
instances, after the pollen has lain for a 
few 1 lours oil the stigma; for instance, 
in Crocus, Salvia, Colocasia odora, Ges- 
nera, (Enothera and Antirrhinum (fig. 
434 Jm). When an ovary, style, and 
stigma are present, the tubes pass into 
the conducting tissue, while in the case 
of naked ovules, as in Conifenp and 
Cycadace«3,the pollen comes into direct 
contact with the foramen. 

504. The extent to which the tubes penetrate, and the mode in 
which they give rise to the embryo, are matters of dispute. It is 
maintained by some, that the tubes formed by the intine proceed only 
to a certain extent down the style before rupturing to discharge the 
fo villa, so that the iniluence of the latter is subsequently conveyed to 
the ovule by the conducting tissue, and thus causes the formation of 
an embryo. Mirbel and Spach, from observations made on Gramineie, 
as Zea Mais, and on the Yew and other Condemn, have been led to 
support this view. They believe that the tube does not reach the 
ovule, that a primary utricle or vesicle (the first part of the embryo) 
exists in the embryo-sac, or cavity of the nucleus, before fertilization, 

Fig. 434 Portion of the stigma of Antirrhinum majus at the time of fecundation. 
pn, ps t Superficial cells forming the papilla}, tc, tc, Deep elongated cylindrical cells forming 
the conducting tissue, gp , Grains of pollen attached to the surface of the stigma, the extino 
having being ruptured, and the intine protruded in the form of tubes, tp, ip , which pierce the 
Interstices between the superficial stigmatic cells. 
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and that the fovilla is the means of determining the future development 
of an embryo in it. This utricle is attached to the embryo by a cellular 
process, or suspensor. Giraud entertains the same opinion, founded 
on an examination of the ovule of Tropa'olum majus. In this plant 
he traces the formation of the amniotic or embryo-sac, and primary 
utricle or germinal vesicle of the embryo, before impregnation, the 
latter being at first distinct from the sac, but subsequently attached to 
it by a suspensor; the fovilla is brought into contact with the outer 
surface of the embryo-sac, and the first trace of the embryo appears in 
the formation of a spherical body at the inferior extremity of the pri- 
mary utricle, — this spherical body resulting from a peculiar process of 
nutrition, determined by the dynamic influence of the fovilla. Giraud 
also observed a lengthening of the primary utricle and of its suspensor, 
so as to protrude through the apex of the embryo-sac the nucleus and 
the foramen, forming cells which partly communicate with the conduct- 
ing tissue, and partly pass round the ovule within the carpellary 
cavity. By slight traction of this cellular process, the suspensor with 
the embryo may be drawn from the embryo-sac tlirough the exos- 
tome. 

505. Ilartig thinks that in some cases, where the pollen tube 
cannot be traced directly downwards to the ovule, there is a series 
<vf cells which, from their continuity, might be mistaken for it. In 
some recent observations on Campanula rotundifolia, Wilson appears 
to think that the pollen tube is prolonged into the foramen of the 
ovule. Dickie has noticed, in Nartheeium ossifragum, and Euphrasia 
officinalis and Odontites, a cellular process proceeding upwards from 
the ovule into the style, which he thinks may unite with the pollen 
tube. Through Dr. Dickie’s kindness, I have had an opportunity of 
seeing these; ovule tubes, which appear to end in shut extremities, and 
not to have a direct communication with the pollen tubes. These tubes 
(less than ; n>V<) of an inch in diameter) have been traced by him from 
the interior of the embryo-sac. They are probably derived from the 
embryo itself, which, in its early state, may send out tubular prolonga- 
tions similar to those of the spores of Cryptogamic plants. Tubular 
prolongations from the ovule were long ago noticed by Mirbel, and of 
late years by Griffith and Ilartig. These authors, however, seem to 
differ from Dickie, in supposing that the tubes are derived from the 
embryo-sac, or some of the coverings of the ovidc. 

500. Another, or what may be called a third view of impregnation, 
is, that the pollen tube does not stop short in the style, but proceeds 
as far as the foramen of the ovule, enters it, and is applied to the 
embryo-sac. In the case of the Mistleto, where there are no coverings 
of the ovule, and consequently no foramen, the pollen reaches the 
nucleus directly. Meyen, Amici, Mold, Muller, and Hofmeister, arc 
in favour of this theory. Meyen states, that after the pollen tube be- 
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comes united to the ovule, in the form of a cul dc sac , the process of 
absorption goes on so as to allow the fovilla to reach the embryo-sac. 
Immediately thereafter a development of cells takes place in the form 
of a beaded prolongation or suspensor, at the extremity of which the 
embryo, in the form of a globular cell, is developed. The free com- 
munication between the pollen tube and the embryo-sac ceases after 
a time ; a constriction takes place by the formation of a diagonal sep- 
tum, and the pollen tube either shrivels or continues for some time 
adherent to the sac. 

507. Amici also believes that the pollen tube is applied to the sac 
of the embryo. He observes in the nucleus a large cavity, which he 
has called the embryonic vesicle (fig. 435 c). In Cucurbita Pepo and 
Orchidaceas, lie traces the tube to a certain depth into the nucleus, 
and he believes that the granular contents of the tube, which are 
accumulated at the extremity, are absorbed by the embryonic vesicle, 
so as to effect impregnation. Cells are then produced in the vesicle, 

commencing at the base, i e. opposite to the 
part where the pollen tube exerts its influence. 
The vesicle becomes full of granular matter ; it 
then exhibits a contraction in the middle, the 
lower part becoming appropriated to the em- 
bryo, and forming the. true embryo-sac, while 
the upper part, in such plants as Orchis Morio 
and mascula, elongates upwards (fig. 435 e\ 
forming a. compound filament, composed of cells 
with fluid contents. This filament traverses 
in an inverse manner the course followed by the 
pollen tube, and passes into the interior of the 
placenta, being quite distinct from the pollen 
tube, and probably connected in some way 
with the nutrition of the embryo. Sometimes the pollen tube re- 
mains after the embryo has multiplied its cells. Ilartig thinks that, in 
different instances, the mode of impregnation is different. Thus he 
admits that the true pollen tube comes into contact with the ovule 
in Conifers;, that in some Cruel fora; the tubes in connection with the 
ovule are derived from the conducting tissue of the style, as main- 
tained by Gasparrini, while, in certain Cupuliferas, tubes proceed from 
some part of the ovule itself. 

508. A fourth theory is, that the pollen tube (fig. 430 p t), after 
reaching the ovule, enters the foramen, e x and ew, and then penetrates 
the embryo-sac, e s , or pushes the sac before it, becoming thus en- 
closed in a reflection of it. This view is supported by Schleiden, 

Fig. 435. — Ovule of Orchis mascula, illustrating Amici’s view of fertilization, «, Trimine. 
b, Secundine. e, Embryo, e, Confervoid filament which proceeds from the embryo towards the 
placenta, and is independent of the pollen tube. 
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Wydler, Tulasne, Gelesnow, and Wilson. Schleiden, who has made a 
very elaborate series of observations on the embryo, is in favour of t h i s 
view. According to him, the extre- 
mity of the pollen tube does not enter 
the embryo-sac, but continues on the 
outside of it, pressing in the sac before 
it, and thus becoming surrounded by 
a double layer of it. The end of the 
pollen tube (fig. 436 e) forms the ger- 
minal vesicle, in the interior of which 
nuclei and cells are produced, which 
ultimately give origin to the embryo. 

AU the portion of the pollen tube 
within the embryo-sac may be deve- 
loped as the embryo, or a portion may 
remain in the form of a suspensor, or 43 6 

suspensory filament, attached to the 
upper part of the sac. 

509. Wydler, Gelesnow, and Tulasne, maintain that there is no in- 
dentation of the sac, but that the tube enters it directly. Schleiden 
thinks that this may be true in certain cases where the embryo-sac 
becomes elongated upwards, and then the membrane is absorbed so as 
to allow the pollen tube to penetrate into the interior. Schleiden thus 
looks upon the embryo as a foreign body entering from without, and 
supports his views by cases of polyembryony in Conifers?, Cycadacea?, 
Mistleto, Onion, &c., where the plurality of embryos, according to him, 
depends on more than one pollen tube having entered the foramen of 
the ovule. Wilson has adopted Schleiden’s views, from observations 
made on Campanula rotun difolia. Tulasne, from examining the em- 
bryogeny of Veronica hederifolia, triphyllos, and pra»cox, concurs in 
Wydler s views. Endlicher supports similar views with Schleiden, 
considering the stigma, however, as an organ, the peculiar secretion of 
which acts on the pollen grain so as to render it capable of penetrating 
to the ovule, and developing an embryo. Unger's opinion nearly cor- 
responds with this. Griffith, from his researches on Viscum, Santalum, 
Osyris, and Loranthus, concludes, that the pollen tube penetrates the 
embryo-sac or cavity, and passes through it longitudinally ; and he 
seems to think that, in some cases, the embryo proceeds ftom cells 
developed from the end of the tube. Klotszch states that pollen tubes 
may be seen entering the embryo-sac in Lavatera tremestris, Tobacco, 
and some Orchidacea?, after the pollen has lain from twenty-four to 
thirty-six hours on the stigma. Hofmeister admits that the pollen 

Fig. 436.— Section of ovule to illustrate Sehleidcn’s view of fertilization, r, Raphe, ch 
Chalaza. p, Frimine. s, Secundine. ex, Exostome. e n, Kndostomo. n, Nucleus, es, Em- 
bryo-sac. p t, Pollen tube, e, The embryo formed by the extremity of the pollen tube. 
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tube, in some cases where the embryo-sac is very delicate, pushes it 
inwards to a certain extent. 

510. Those who object to Schleiden’s views, think that he has mistaken 
the primary utricle, or germinal vesicle, which exists in the embryo- 
sac before impregnation, for the end of the pollen tube, and that the 
cellular filament attaching this to the embryo-sac is totally indepen- 
dent of the pollen tube. Brown finds that, in the seed of Coniferous 
plants which have several embryos, there are semicylindrical cor- 
puscles, three to six in number, which are arranged in a circle near 
the apex. In each of these is a distinct embryonal filament. These 
filaments frequently ramify, each of the ramifications terminating in an 
embryo, lie believes that these corpuscles are not formed by the 
pollen tubes, and that the fact of the ramifications giving rise to rudi- 
mentary embryos is opposed to Schleideifs views. The corpuscles lie 
dormant for at least twelve months before being developed. In a 
female plant belonging to Cycadacea?, another polyembryonous Order 
of plants, Brown has noted the formation of corpuscles at a time when 
no male flowers were known to exist in the country. These cor- 
puscles may probably be considered as analogous to embryo-sacs, or 
embryonal cavities, such as those in the Mistleto. 

511. Some of the supporters of Schleiden’s views institute a fanciful 
comparison between the spores of Cryptogamous and the pollen of 
Phanerogamous plants. In the former, the cellular germinating body 
or spore is contained in a case or theca, just as the pollen grains are 
in the anther of the latter. In the first instance, the body when dis- 
charged is at once fit for germination ; in the second, it requires to be 
transmitted to an ovary, and then to be matured within an ovule, and 
supplied with a store of nutritious matter, so as to be fitted for inde- 
pendent existence. These views are theoretical, and do not seem to 
be borne out by facts. 

512. It will thus be seen that physiologists are much divided in 
their views relative to this obscure subject ; and when we consider the 
minuteness of the observations, and the high microscopic powers re- 
quired, it is not a matter of surprise that there are numerous sources 
of fallacy. Nearly all agree in the formation of pollen tubes ; these, 
according to some, end in the cellular tissue of the style ; according 
to others, they reach the ovule ; the influence of the fovilla is com- 
municated to the ovule either directly or indirectly ; the first, cells of 
the embryo, some maintain, are formed by the end of the pollen tube 
directly, while others say indirectly; and a third party consider them 
as the result of changes induced by the action of the fovilla. 

. 513. The opinions which have been recently supported by Amici, 

Mohl, Karl Muller, and Ilofmeister, are those which seem to rest on 
the best foundation, viz., that at the time of the opening of* the flower 
the embryo-sac exists, and that, at its upper or micropyle end, one or 
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more cells or germinal vesicles are produced from cytoblasts ; that the 
pollen tubes pass down the style to the ovary into the foramen of the 
ovule, and come into contact with the embryo-sac, either at its apex or 
a little below it ; then an imbibition of fluids takes place, the embryo- 
sac begins to increase, and the embryo is produced. The chief point 
to be determined, is the existence or not of the germinal vesicle before 
impregnation. 

514. The formation of the process called the suspensor is variously 
accounted for. Schleiden considers it as a part, of the pollen tube ; 
Amici thinks that it is part of the embryo-sac prolonged upwards, 
forming a confervoid filament (fig. 485 e ) ; Mold, Mirbel, and Spach 
maintain that the suspensor is produced from the germinal vesicle, and 
therefore intimately united to the embryo, which is developed from 
the lowest cells of that vesicle ; Dickie thinks that the suspensor may be 
a cord-like process sent out from the cellidar embryo, reaching a cer- 
tain degree of development, and sometimes sending off tubular prolon- 
gations or filaments, as in Euphrasia and Orchidacca?. The suspensor 
is usually directed to the apex of the nucleus or the micropyle, and it 
is sometimes of great length. In Draba veraa (fig. 485, 2), Dickie says 
he observed in an embryo, 4 j () of an inch long, a suspensor three times 
that length. In Gnetrnn, Griffith mentions a tortuous suspensor to 
5 inches long, the whole seed being only one inch long. 

515. Taking a comprehensive view of the whole subject, it may be 
said that the union of two kinds of cells appears to be necessary for 
fertilization. In Cryptogamic plants this lias been traced, particularly 
in certain cases of conjugation ; where the two cells conic into contact, 
a tube is formed between them, and the contents of the one unites 
with those of the other, giving rise to a germinating body. In Phane- 
rogamic plants, also, there are two cells with different contents — the 
pollen grain with its granular fovilla, and the ovule with its mucilaginous 
fluid. These are brought into connection by moans of the pollen tube, 
formed from the in tine, which either enters the embryo- sac, or comes 
into contact with it, the union taking place either directly by its extre- 
mity, or indirectly by cellular prolongations from the conducting tissue, 
or from the ovule. By this means the formation of the embryo is de- 
termined, which commences as a cellular body or germinal vesicle, in 
the interior of which other cells are subsequently formed in a definite 
order of succession.* 

* For opinions as to Embryology, see Sehloidcn’s paper in Nova acta A cation*. Ctesar. Leopold- 
Carol. Natural Curios.; Brown on the Fecundation of Orehidaceto and Asdepiadaceft', in the 
Transactions of the Linnwan Society for 1883; Brongniart on the same subject, in Annales des 
Sciences Naturelles, 1st series, tom. xxiv., 1881 ; Meyen on the Act of Impregnation, translated in 
Taylor’s Scientific Memoirs, vol. iii. ; Amici sur la Fdcondation des Orehidees, in Annates des 
Sciences Naturelles, 3d series, tom. vii. ; Wilson on Tmpwolum majus, and Hairs of Campanula, 
London Journal of Botany, vol. ii. ; Giraud on Embryology, in the Transactions of the Edinburgh 
Botanical Society, and in the Annals of Natural History, vol. v.; and on the Ovule of Tropa^v 
lum, in f/mmean Transactions, vol. xix.; Henfrey and Dickie on Embryology, in the Annals ot 
Natural History for 1848; Griffith on the Ovule of Santalum, Osyris, &c., in Linutean Trans- 
actions, vol. xix; also Notulee ad Plantas Aslaticas, Calcutta, 1847. 
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516* The Production of Hybrids. — If the pollen of one species is 
employed to fertilize the ovules of another, the seed will often produce 
plants strictly intermediate between the two parents. These are termed 
hybrids , and are analogous to mules in the animal kingdom. As a 
general rule, hybrids can only be produced between plants which are 
very nearly allied, as between different species of the same genus. 
Thus, different species of Heath, Fuchsia, Cereus, Rhododendron, and 
Azalea, readily inoculate each other, and produce intermediate forms. 
It is found, however, that species which seem to be nearly related do 
not hybridize. Tlius, hybrids are not met with between the Apple 
and Pear, between the Gooseberry and Currant, nor between the Rasp- 
berry and Strawberry. The ovules of Fuchsia coccinea, fertilized with 
the pollen of Fuchsia fulgens, produce plants having intermediate forms 
between these two species. Some of the seedling plants closely resem- 
ble the one parent, and some the other, but they all partake more or 
less of the characters of each. By the examination of the foliage, con- 
clusions may be drawn as to what will be the character of the flow r er. 
Mr. Th waites mentions a case in which a seed produced two plants 
extremely different in appearance and character ; one partaking rather 
of the character of Fuchsia fulgens, and the other of Fuchsia coccinea. 

517. In the case of hybridization, there appears to be a mixture of 
matters derived from the pollen grain and the ovule, just like the mix- 
ture of two endochromcs in flovrerless plants ; and the nature of the 
hybrid depends on the preponderance of the one or other. Some have 
supposed that the pollen grains require to be of the same form and 
dimension, in order to admit of artificial union taking place ; but this 
is a mere conjecture. Hybrids perform the same functions as their 
parents, but they do not perpetuate themselves by seed. If not ab- 
solutely sterile at first, they usually become so in the course of the 
second or thud generation. Herbert mentions instances of hybrid 
Narcissuses, from which he attempted in vain to obtain seed. The 
cause of this sterility has not been determined. Some have referred it 
to an alteration in the pollen. Hybrids may be fertilized, however, 
by the pollen taken from one of the parents, and then the offspring 
assumes the characters of that parent. 

518. Hybrids are rarely produced naturally, as the stigma is more 
likely to be affected by the pollen of its own stamens than by that 
of other plants. In dioecious plants, however, this is not the case, 
and hence the reason probably of the numerous so-called species 
of Willows. Hybrids are constantly produced artificially, with the 
view of obtaining choice flowers and fruits, the plants being propa- 
gated afterwards by cuttings. In this way many beautiful Roses, 
Azaleas, Rhododendrons, Pansies, Cactuses, Pelargoniums, Fuchsias, 
Calceolarias, Narcissuses, &c., have been obtained. By this process of 
inoculation, and carefully selecting the parents, gardeners are enabled 
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to increase the size of the flowers, to improve their colour, to render 
tender plants hardy, and to heighten the flavour of fruits. Herbert 
thinks, from what he saw in Amary Hides, that in hybrids the flowers 
and organs of reproduction partake of the characters of the female 
parent, while the foliage and habit, or the organs of vegetation, resemble 
the male. 

* 519. This subject is important as connected with the origin and 
limitation of species. If, as some of the old authors believed, there 
were only a few species originally formed, and all the rest are the result 
of hybridization, there appears to be no limit to species, and no perma- 
nence in their characters. This, however, is not borne out by facts ; 
the generally received opinion being, that types of all the species now 
in existence were originally placed on the globe, and that these have 
given origin to an offspring like themselves, capable of reproducing 
the species. Hybrids, on the other hand, are rare in a wild state, and 
they are seldom permanent and fertile. Even where they are so, there 
seems to be a tendency in the offspring to return to one or other of 
the original types from which they sprung. 


6. — FRUIT, OR THE TISTIL ARRIVED AT MATURITY. 

520. After fertilization, various changes take place in the parts of 
the flower. Those more immediately concerned in the process, the 
anther and stigma, rapidly wither and decay, while the filaments and 
style often remain for some time ; the floral envelopes also become dry, 
the petals fall, and the sepals are either deciduous or remain persistent 
in an altered form ; the ovary becomes enlarged, forming the pericarp 
(crag/, around, and xa g-rig, fruit) ; and the ovules are developed as the 
seeds containing the embryo-plant The term fruit is strictly applied 
to the mature pistil or ovary, with the seeds in its interior. But it 
often includes other parts of* the flower, such as the bracts and floral 
envelopes. Thus, the fruit of the Hazel and Oak consists of the ovary 
and bracts and calyx combined ; that of the Apple, Pear, and Goose- 
berry, of the ovary and calyx ; and that of the Pine-apple, of the ovaries 
and floral envelopes of several flowers combined. Fruits formed by 
the ovaries alone, as the Plum and the Grape, seem to be more liable 
to drop off and suffer from unfavourable weather, than those which have 
the calyx entering into their composition, as the Gooseberry, the Melon, 
and the Apple. 

521. In general, the fruit is not ripened unless fertilization has been 
effected ; but cases occur in which the fruit swells, and becomes to all 
appearance perfect, while no seeds are produced. Thus, there are 
seedless Oranges, Grapes, and Pine-apples. When the seeds are abor- 
tive, it is common to see the fruit wither and not come to maturity ; but 
in the case of Bananas, Plantains, and Bread-fruit, the non-develop- 
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ment of seeds seems to lead to a larger growth, and a greater succulence 
of the fruit. 

522. In order to comprehend the structure of the fruit, it is of great 
importance to study that of the ovary in the young state. It is in this 
way only that the changes occurring in the progress of growth can he 
determined. The fruit, like the ovary, may he formed of a single 
carpel, or of several. It may have one cell or cavity, then being uni- 
locular (units, one, and loculus, box or cavity) ; or many, multilocular 
(mult us, many), &c. The number and nature of the divisions depend 
on the number of carpels, and the extent to which their edges are 
folded inwards. The appearances presented by the ovary do not, how- 
ever, always remain permanent in the fruit. Great changes are ob- 
served to take place, not merely as regards the increased size of the 
ovary, its softening and hardening, but also in its internal structure, 
owing to the suppression, enlargement, or union of parts. In this way 
the parts of the fruit often become unsymmetrical, that is, not equal to, 
or some multiple ofj the parts of the flower ; and at times they are 
developed more in one direction than another, so as to assume an irre- 
gular appearance. In the Ash (fig. 487), an ovary with two 
cells, each containing an ovule attached to a central placenta, 
is changed into a unilocular fruit with one seed ; one ovule, 
l, having become abortive, and the other, g, gradually extend- 
ing until the septum is pushed to one side, becoming united 
to the walls of the cell, and the placenta appearing to be parietal. 
In the Oak and Hazel, an ovary with three cells, and two ovules 
in each, changes into a one-cell ed fruit with one seed. Sirni- 
2 lar changes take place in the Horse-chestnut, in 
i which the remains of the abortive ovules are often 

f seen in the ripe fruit. In the Coco-nut, a trilocular 
and triovular ovary is changed into a one-celled, 
one-seeded fruit. This abortion may depend on the 
pressure caused by the development of certain ovules, 
or it may proceed from the influence of the pollen 
}7 not being communicated to all the ovules. Again, 

by the growth of the placenta, or the folding inwards 
of* parts of the ovary, divisions may take place in the fruit which did not 
exist in the ovary. In Pretrea Zanguebarica, a one-celled ovary is 
changed into a four-celled fruit by the extension of the placenta. In 
Cathartocarpus Fistula (fig, 395), a one-celled ovary is changed into a 
fruit having each of its seeds in a separate cell, in consequence of spu- 
rious dissepiments being produced in a horizontal manner from the inner 

Fig. 437.— Samara, or saraaroid fruit of Fraxinus oxyphylla. 1. Entire, with its wing, a. 2. 
Lower portion cut transversely, to show that it consists of two loculaments; one of which, /, is 
abortive, and is reduced to a very small cavity, while the other is much enlarged, and filled 
with a seed, g. 
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wall of the ovary after fertilization. In Tribulus terrestris, each cell of 
the ovary (fig. 438) has slight projections, c, on its walls, interposed be- 
tween the ovules, o , which, when the fruit is 


ripe, are seen to have formed distinct transverse 
divisions (fig. 439 c), or spurious dissepiments, 
separating the seeds, g. In Astragalus, the 
folding of the dorsal suture inwards converts a 
one-celled ovary into a two-celled fruit. 

523. The development of cellular or pulpy 
matter frequently makes great changes in the 
fruit, and renders it difficult to discover its for- 



mation. In the Strawberry, the axis becomes succulent, and bears 
the carpels on its convex surface ; in the Rose, there is a fleshy lining 
of the calyx (sometimes called a disk), which bears the carpels on its 
concave surface. In the Gooseberry, Grape, Guava, Tomato, and 
Pomegranate, the seeds nestle in pulp formed apparently by the 
placentas. In the Orange, the pulpy matter surrounding the seeds is 
formed by succulent cells, which are produced from the inner lining of 
the pericarp. 

524. The pistil, in its simplest state, consists of a carpel or folded 
leaf, with ovules at its margin; and the same thing will be found in the 


fruit, where the pericarp, as in the Bean (fig. 440), 
represents the carpellary leaf, and the seeds corre- 
spond to the ovules. The pericarp consists usually 
of three layers : the external (fig. 440 c), or epicarp 
(scr/, upon, or on the outside, xagero;, fruit), cor- 
responding to the lower epidermis of the leaf; the 
middle (fig. 440 or mesocarp middle), 

representing the parenchyma of the leaf ; and the 
internal (fig. 440 n), or endocarp (svoov, within), 
equivalent to the upper epidermis of the leaf, or 
the epithelium of the ovary. In some plants, as 
Colutea arborescens, the pericarp retains its leaf- 
like appearance, but in most cases it becomes al- 



440 


tered both in consistence and in colour. Sometimes the three parts 


become blended together, as in the Nut; at other times, as in the 
Peach, they remain separable. In the Latter fruit, the epicarp is thick- 
ened by the addition of cells, and can be taken off in the form of what 
is called the skin ; the mesocarp becomes much developed, forming the 


Fig- 438.— Cell or loculament of the ovary of Tribulus terrestris, cut vertically, to show the 
commencement of tin 1 , projections, c, from the paries, which are interposed between the ovules, o. 

Fig. 439.— The same in a mature state, showing the transverse partitions, c, dividing the fruit 
into cavities, in one of which a seed, p, is left. 

— i iA V * xt . /» j-i . I -.1 ~47 aL t) Ln /»i»f 
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flesh or pulp, and hence has sometimes been called sarcocarp (tfAgg, 
flesh), while the endocarp becomes hardened by the production of 
woody cells, and forms the stone or putamen ( putamen , a shell), imme- 
diately covering the kernel or the seed. The same arrangement is 
seen in the fruit of the Cherry, Apricot, and Plum. In these cases, 
the mesocarp is the part of the fruit which is eaten. In the Almond, 
on the other hand, the seed is used as food, while the shell or endo- 
carp, with its leathery covering or mesocarp, and its greenish epicarp, 
are rejected. The pulpy matter found in the interior of fruits, such as 
the Gooseberry, Grape, and Cathartocarpus Fistula (fig. 395), is formed 
from the placentas, and must not be confounded with the sarcocarp. 

525. In the Date, the epicarp is the oxiter brownish skin, the pulpy 
matter is the mesocarp or sarcocarp, and the thin papery-like lining is 
the endocarp covering the hard seed. In the Pear and Apple, the outer 
skin or epicarp is composed of the epidermis of the calyx, combined with 
the ovary ; the fleshy portion is the mesocarp, formed by the cellular 
portion of the calyx and ovary ; while the scaly layer, forming the 
walls of the seed-bearing cavities in the centre, is the endocarp. In 
the Medlar (fig. 472), the endocarp becomes of a stony hardness. In 
the Melon, the epicarp and endocarp are very thin, while the mesocarp 
forms the bulk of the fruit, varying in its texture and taste in the ex- 
ternal and internal part. The rind of the Orange consists of epicarp 
and mesocarp, wliile the endocarp forms partitions in the interior, filled 
with pulpy cells. 

520. Thus, while normally the divisions of the fruit ought to indi- 
cate the number of the carpels composing it, and these carpels should 
each have three layers forming the walls, it is found that frequently the 
divisions of a multilocular fruit are atrophied or absorbed, in whole or 
in part, and the layers become confounded together, so that they 
appear to be one. Again, in fruits formed of several carpels, the 
endocarp and mesocarp are occasionally so much developed as to leave 
the epicarp only on the free dorsal face of the fruit, forming a covering 
which is wholly external, as in the Castor-oil plant, Euphorbia, and 
Mallow. Occasionally, the endocarp remains attached to the centre, 
forming cells, in which the seeds are placed, while the outer layer 
separates from it at certain points, and leaves a row of cavities in the 
substance of the pericarp itself 

527. While in many fruits the calyx becomes incorporated with the 
pericarp, there are others in which it is closely applied to the ovary, 
but still separable from it. Thus, in the fruit of Mirabilis JaLapa 
(fig. 441, 1), when a section is made longitudinally (fig. 441, 2), the 
hardened calyx, c c, is observed distinct from the fruit, f which is in 
this instance incorporated with the seed, but at once distinguished by 
its style, s. The same thing occurs in Spinacia or Spinach. Again, 
in Hippophae rhamnoides, and in the Yew (fig. 442), there is an exter- 
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nal succulent covering, i c, formed by modified bracts, which here occupy 
the place of a pericarp, and display the seed, g , which is naked, because 
not contained in a true ovary with a style and stigma. 



528. The part of the pericarp attached to the peduncle is called its 
base, and the part where the style or stigma existed is the apex. This 
latter is not always the mathematical apex. In Alchemilla, Labiatse, 
and Boraginacea*, it is at the base or side (figs. 400, 401, 402). The 
style sometimes remains in a hardened form, rendering the fruit apicu- 
late ; at other times it falls ofi’ leaving only traces of its existence. The 
presence of the style or stigma serves to distinguish certain single- 
seeded pericarps from seeds. 

529. As in the case of the carpel, so in the mature ovary formed 
of it, the edges unite towards the axis, and constitute the ventral 
suture (fig. 443 s v), while the back, corresponding 
with the midrib, is the dorsal suture (fig. 443 s id). The 
inner suture, in some fruits formed of a single carpel, as 
the Apricot and Bladder senna, is marked by a distinct 
furrow or depression, consequent on the folding in- 
wards of the carpellary edges; and occasionally the 
outer or dorsal suture is also thus rendered distinctly 
visible. When the fruit consists of several mature 
carpels, all meeting in the centre, and united together, 
then the dorsal suture is also visible externally ; but 
in cases where the placentation is parietal or free cen- 
tral, then the edges of the separate carpels, being near the surface, may 
present also externally the marks of the ventral sutures. 



Fig. 441. — Fruit of Mirabilis .Jal spa. 1. Entire. 2. Cut longitudinally, to show its composi- 
tion. c c, Lower part of ealyx hardened, and forming an outer envelope, f. The true fruit, 
covered by the calyx. The integuments of the fruit are incorporated with those of the seed, 
which has been also cut. The fruit is distinguished by the remains of the style, s, at the api- 
ciilus or summit. 

Fig. 442.— Fruit of Taxus baccate, the Yew. ?>, Imbricated bracts at its base. i c, Fleshy 
envelope taking the place of the pericarp. This envelope covers the seed, g , partially, leaving 
its a]>ex naked. 

Fig. 443.— A single carpel of lTellebonis fmtidiis after doliiscence. sd, Uorsal suture. $v. 
Ventral suture. The carpel, when mature, opens on the ventral suture, and forms the fruit 
penoininated a follicle. 
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580. Where the sutures are formed, there are usually two bundles 
of fibro- vascular tissue (fig. 443), one on each edge. The edges of the 
sutures are often so intimately united, as not to give way when the fruit 
is ripe. In this case it is called indehiscent ( indehisco , not to open), as in 
the Acorn and Nut; at other times the fruit opens between 
the two vascular bundles, either at the ventral or dorsal 
wRNL suture, so as to allow the seeds to escape, and then it is 

w| ' m dehiscent (i dchisco , to open). By this dehiscence the pericarp 

| becomes divided into different pieces, which are denomi- 

fii I ffl nated valves , the fruit being univalvular , hivaltnUar , or imd- 

JBL J§ ti valvular, &c., according as there are one, two, or many 

if \ JB valves. These valves separate either completely or par- 

if Wf c tially. In the latter case, the divisions may open in the 

' W/ rA- form of teeth at the apex of the fruit, the dehiscence being 

apicular , as in Caryophyllace© (fig. 444 v), or as partial slits 
i it of the ventral suture, when the carpels are only free at the 

apex, as in Saxifrages. 

531. Indehiscent Fruits are either dry, as the Nut, or lleshy, as the 

Cherry and Apple. They may be formed by one or several carpels; 
and in the former case they usually contain only a single seed, which 
may become so incorporated with the pericarp as to appear to be naked. 
Such fruits are called pseudo-spermous false, and fferig/xa, seed), 

or false-seeded, and are well seen in the grain of Wheat. In such 
cases the presence of the style or stigma determines their true nature. 

532. Dehiscent Fruits, when composed of single carpels, may open 
by the ventral suture only, as in the follicles of Pfeony; by the dorsal 
suture only; or by both together, as in the legume of the Pea and 
Bean; in which cases the dehiscence is called sutural. When composed 
o ’ several united carpels, the valves may separate through the dissepi- 
ments, so that the fruit will be resolved into its original carpels, as in 
Rhododendron, Colchicum, &c. This dehiscence, in consequence of 
talcing place through the lamella?, of the septum, is called septicidal 
{septum and cmlo, to cut) (iigs. 445, 440). The valves may separate 
from their commissure, or central line of union, carrying the placentas 
with them, or they may leave the latter in the centre, so as to form 
with the axis a column of a cylindrical, conical, or prismatic shape, 
which has received the designation of columella (fig. 447 c). The 
union between the edges of the carpels may he persistent, and they 
may dehisce by the dorsal suture, or through the back of the locula- 
ments, as in the Lily and Iris (fig. 448). In this case the valves an* 
formed by the halves of the cells, and the septa either remain united 
to the axis, or they separate from it, carrying the placentas with them 

Fig. 444.— Capsule or dry seed-vessel of Cerastiwn viscosum after dehiscence, c, Persistent 
calyx, p, Pericarp dividing at the apex, v, into ten teeth, which indicate the summits of as 
many valves united below. 
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(fig. 449), or leaving them in the centre. This dehiscence is loculicidal 
( loculus , cell, and ctrdo, to cut). Sometimes the fruit opens hy the 
dorsal suture, and at the same time the valves or walls of the ovaries 
separate from the septa (fig. 450), leaving them attached to the centre, 
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as in Datura. This is called sept if ragal dehiscence (septum, ail , 

to break), and may be looked upon as a modification of the loculicidal. 
The separation of the valves takes place either from above downwards 
(fig. 450), or from below upwards (fig. 451). 


Fig. 445. — Capsule of Digitalis purpurea at the moment of dehiscence, when the two cavities. 
<• e, separate by division of the septum, d d, so as to have the appearance of distinct carpels. At 
the apex are seen the, {seeds, </. 

Fig. 44(1— Inferior portion of the same capsule cut transversely, to show the formatio.. of the 
septum, d, formed hy the two inner faces of the carpels, c c. p p, Placenta vies reflected and pro- 
jecting into the interior of the cavities. < 7 , Seeds. 

Fig. 447. — Capsule (tricoccoux regma) of Kiciuus communis, Castor-oil plant,, at the moment 
of dehiscence. The three carpels or cocci, ccc, are separated from the axis, a, hy which they 
were a* first united ( see fig. 45b, and which remains in a columnar form. These cocci begin to 
open hy thoir dorsal suture, $ d. 

Fig. 448.— Capsule of Iris opening hy loculicidal dehiscence. 

Fig. 449. — Capsule of Hibiscus esculentus, showing also loculicidal dehiscence, vvv, Valves 
'>1' the seed-vessel, c, Septum or partition. < 7 , Seeds. 

Fig. 450. — Capsule of Cedrela augustifidia, the valves of which, vvv, separate from the septa, 
0 *' } by septi frugal dehiscence. The separation takes place from al>ove downwards, in such a 
manlier that the axis, a, remains in the centre, with five projecting angles, corresponding to 
the septa. >j, The seeds contained in the loculaments. 
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533. Sometimes the axis is prolonged as far as the base of the styles, 
as in the Mallow (fig. 452), and Castor-oil plant (fig. 453), the carpels 
being united to it by their faces, and separating 
from it without opening. In the UmbelliferaD 
(fig. 454), the two carpels separate from the lower 
part of the axis, and remain attached to a pro- 
longation of it, called a carpophore (xagms, fruit, 
and pegu, to bear), or podocarp (wong, foot, and 
xagtfbg, fruit), which splits into two (fig. 454 a), 
mid suspends them. Hence the name cremocarp 
( g fiau, to suspend), applied to this fruit. In 
( raniacea*, the axis is prolonged beyond the 
carpels, forming a carpophore, to which the styles 
are. attached, and the pericarps separate from 
below upwards, before dehiscing by their dorsal 
suture (fig. 455). Carpels of this kind are 
called cocci (xbyvKag, seed, berry), mid the fruit is said to be tricoccous , 
&c., according to the number of separate carpels. In the case of many 
Euphorbiaceje, as Hura crepitans, the cocci separate with great force 
and elasticity, the cells being called dissihent ( dissdio , to burst). 




534. In the Siliqua or fruit of Crucifers, as Wallflower (fig. 456), 
the valves separate from the base of the fruit, leaving a central replum 
or frame, r. The replum is considered as being formed by parietal 
placentas, which remain attached to the fibro-vascular line of the 
suture, the valves giving way on either side of the suture. In Orchi- 
dacea? (fig. 457), the pericarp, when ripp, separates into three valves, 


Fig. 451- — Capsule of Swietenia Mahagoni, opening by valves from below upwards. The 
letters have the same .signification as in fig. 450. 

Fig. 452. — Fruit of Malva rotundifolia, with half the carpels comprising it removed, to show 
the axis, a , to which they arc attached. This axis ends at the point where the style, x, is pro- 
duced. cc t The carpels which are left attached to the axis, around which they arc arranged in 
a verticillate manner. The lateral surface of tin; two carpels in front, c', is exposed. 

Fig. 453. — Tric-occons capsule of Ricinus communis, Castor-oil plant, cut vertically, to show 
the axis, a, prolonged between the carpels, and terminating by small cords or funiculi, /, which 
project into the loculaments, and are attache to seeds, gg, Seeds exposed, each surmounted by 
a flesh v caruncula, c. pp, Pericarp. 

Fig.454.— Fruit or cremocarp of Prangos uloptera, an umbelliferous plant. The carpels, 
raericarps, or acliamia, cc, separate from the axis, a, and are each suspended by a carpophore 
$ 8 , Persistent styles with swollen bases, forming an epigynous disk. 


DEHISCENT FRUITS. 


257 


by giving way only on the margins within the sutures, where the pla- 
centas are united ; and when the valves fall off, the placentas are left in 
in the form of three arched repla or frames, to which the seeds are at- 
tached. In the case of a free central placenta, when the valves separate, 
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it is sometimes difficult to tell whether the dehiscence is septicidal or 
loculicidal, inasmuch as there are no dissepiments, and the placentas 
and seeds form a column in the axis. Their number, as well as their 
{Alternation or opposition, as compared with the sepals, will aid in 
determining whether the valves are the entire earpellary leaves, as 
in septicidal dehiscence, or only halves united, as in loculicidal. In 
some instances, as in Linum catharticum, the fruit opens first by locu- 
licidal dehiscence, and afterwards the carpels separate in a septicidal 
manner. 

5)55. Another mode in which fruits open is transversely, the dehis- 
cence in this case being called circumcmUc (cireiuu* around, and 
scindo , to cut). In such cases, the fruit or seed-vessel may be supposed 
to be formed by a number of articulated leaves like those of the 
Orange, the division biking place where the lamina*, join the petioles, 
in this dehiscence, the upper part of the united valves falls off in the 
form of a lid or operculum, as in Anagallis (fig. 458), and in Hyos- 
cyamus (fig. 450), and lienee the fruit is often denominated vpermlate 
n 7 a lid). In some instances the axis seems to be prolonged 


Fig. 455— Fruit or mature carpel of Geranium sangnineiim. o, Persistent calyx, a, Axis 
prolonged as a beak. 1 1, The styles, at first, united to the beak, and afterwards separating from 
below upwards, along with the carpels, 00 , which dehisce by their dorsal suture. Stigmas. 
The fruit is sometimes called gynohasic. 
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m the form of a hollow cup, and the valves appear as leaves united to 
it by articulation, similar to what occurs in the calyx of Eschscholtzia. 

In Lecythis, or the Monkey-pot, and 
in Couratari, the calyx is adherent 
to the seed-vessel, and the lid is 
formed at the place where the tube 
of the calyx ceases to be adherent. 

536. Transverse divisions take 
place occasionally in fruits formed 
by a single carpel, as in the pods 
of some leguminous plants. Exam- 
ples are met with in Ornithopus, lledysaruni (fig. 460), Curonilla, &c., 
in which each seed is contained in a separate division, the partitions 
being formed by the folding in of the sides of the pericarp, and distinct 
separations taking place at these partitions, by what has been termed 
solubility. Some look upon these pods as formed by pinnate leaves 
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folded, and the divis- 
ions as indicating tin* 
points when* the dif- 
ferent pairs of pinna* 
are united. Others 
do not admit this ex- 
planation, but re- 
gard the legume or 
pod as formed by the 
expanded midrib or 
petiole, and the pinna* 
as represented by 
the seeds. Dehiscence 


may also be effected by partial openings in the pericarp, called pores. 
which are situated either at the apex, base, or side. In the Poppy (fig. 
401)), the opening takes place by numerous pores under the peltate pro- 
cesses bearing the stigmas. Tn Campanulas, there are irregular openings 


Fig. 458.— Pyxicliura or capsule of Anagallis arvensis, opening by cimimsoissile dehiscence. 
r. Persistent calyx, p. Pericarp divided into two, the upper part, o, separating in the form of a 
Jjrj or operculum. On the capsule are seen three lines passing from the, base to the apex, and 
marking the true valves. //, Seeds forming a globular mass round a central placenta. 

Fig, 459. — Operen late capsule or Pyxidium of Ilyoscyamus liiger, Henbane, o, Operculum or 
lid separating and allowing tlic seeds to appear. 

Fig. 460.— Lomentaceous legume or lomentum of IJedysarum coronarium. 1. Entire, the 
upper division being nearly detached from the rest. 2. Two of the joints cut. longitudinally to 
show the spurious loculaments, each containing a seed. This seed-vessel divides into separate 
single-seeded portions by solubility. 

Fig. 461. — Capsule of Campanula persieifolia, opening by holes or pores, tt, above the middle. 

Persistent calyx, incorporated below with the pericarp, p, and separating above into five 
acute segments, in the midst of wiiicli is seen the withered and plaited corolla in the form of 
indnvhe, The holes perforate the walls of the pericarp and the calyx. 

Fig. 462.— Capsule of Antirrhinum majus, Frogsmoiith, after dehiscence, c c, Persistent 
calyx, p, Pericarp perforated near the summit by three holes, 1 1, two of which correspond to 
one of the loculaments, and one to the other. The apex of the capsule is acuminated by the 
remains of the persistent style t > . 
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towards the middle or base (fig. 4fil £), which pierce both the pericarp 
and the adherent calyx. In Frogsmouth (fig. 4G2) and Snapdragon, 
the pericarp gives way at certain fixed points, forming two or three 
orifices, one of which corresponds to the upper carpel, and the other 
to the lower. These orifices have a ragged appearance at the margins, 
which has given rise to the name rupturing , as applied to this mode of 
dehiscence. 

587. Carpolojsy. — Much has been done of late in the study of car- 
poiogjf (xaoKhg, fruit, and Xoyog, discourse), or the formation of the 
fruit ; 1 >ut much still remains to be done ere the terminology of this 
department is complete. Many classifications of fruits have been 
given, but they are confessedly imperfect, and unfortunately much 
confusion has arisen in consequence of the same names having been 
applied to different kinds of fruit. In many cases, therefore, it is 
necessary to give a description of a fruit in place of using any single 
term. There are, however, some names in general use, and others 
which have been carefully defined, to which it is necessary to direct 
attention. 

588. Fruits may be formed by one flower, or they may be the 

product of several flowers combined. In the former case, they art* 
either apocarpous (octo, separate, and xagnbe, fruit) or dialycarpou >• 
(btaXvcoy to dissolve or separate), that is, composed of one mature 
carpel, or of* several separate free carpels ; or syncarpous together), 
that is, composed of several carpels, more or less completely united. 
These different kinds of fruits may be ind chi scent (not opening), or 
dehiscent (opening). When the fruit is composed of the ovaries of 
several (lowers united, it is usual to find the bracts and floral envelopes 
also joined with them, so as to form one mass ; hence, such fruits are 
called multiple or anthocarpons (uvdog, flower, and fruit). The 

term simple is perhaps properly applied to fruits, which, when mature, 
appear to be formed of one carpel only ; but it has been also given U > 
those which, when mature, are formed by several separate carpels: 
while the term compound is applied to cases where several carpels are 
combined. The name aggregate is by some made synonymous with 
< mthocarpous , while multiple is applied to apocarpous fruits formed by 
several free carpels. 

Fruits which are the. Produce of a Single Flower . 

539. Apocarpous Frnits. — These fruits are formed out of one or 
several free carpels. They are either dry or succulent : the pericarp, 
in the former instance, remaining more or less foliaceous in its struc- 
ture, and sometimes becoming incorporated with the seed; in the 
latter, becoming thick and fleshy, or pulpy. Some of these do not 
open when ripe, but fall entire, the pericarp either decaying, and thus 
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allowing the seeds ultimately to escape, as is common in fleshy fruits, 
or remaining united to the seed, and being ruptured irregularly when 
tlie young plant begins to grow ; such fruits are indeMscent. Other 
apocarpous fruits, when mature, open spontaneously to discharge the 
seeds, and are dehiscent 

540. IndelilMcent Apocarpous Fruits, when formed of a single mature 
carpel, frequently contain only one send, or are monos pennons (,U/6vog n 
one, and <wrsgu,a, seed). In some instances there may have been only 
one ovule originally, in others two, one of which has become abortive. 

541. The Achamium (a, privative, and ya/vta, to open) is a dry 
monospennous fruit, the pericarp of which is closely applied to the 

seed, but separable from it (fig. 
4 (id). It may be solitary , form- 
ing a single fruit, as in the 
Cashew (fig. 227 a\ where it 
is supported on a fleshy pedun- 
cle, p ; or arjgrcyate, as in 
Ranunculus (fig. 404), where 
several aehamia are placed on 
463 404 a common elevated receptacle. 

In the Strawberry, the achania 
are placed on a convex succulent receptacle. In the Rose, they are 
supported on a concave receptacle, covered by the calycine tube (fig. 
270), and in the Fig, they are placed inside the hollow peduncle or 
receptacle (fig. 240), which ultimately forms what is commonly called 
the fruit. In the Rose, the', aggregate achamiu, with their general 
covering, are sometimes collectively called Cynarrhodam (xvwv, a dog, 
and a rose, seen in the dog-rose)- It will thus he remarked, 

that what in common language are called the seeds of the Strawberry, 
Rose, and Fig, are in reality carpels, which arc distinguished from 
seeds by the presence of styles and stigmas. The styles occasionally 
remain attached to the achamia, in the form of feathery appendages, 
a-s in Clematis, where they are called caudate (cauda, a tail). 

542. In Composite 1 , the fruit which is sometimes called Cypsela 
(hv^sXt), a box), when ripe, is an acluenium united with the tube of 
the calyx (fig. 271) f). The limb of the calyx in the Composite, some- 
times becomes pappose, and remains attached to the fruit, as in 
Dandelion, Thistles, &c. (fig. 279 /). When the pericarp is thin, 
and appears like a bladder surrounding the seed, the acliauiiuin be- 
comes a Utricle , as in Amaranth a cere. This name Is often given to fruits 
which differ from the acliaenium, in being composed of more than one 

Fig;. 463. — Acwnliium nr itulehisccnt, monospermoufi carpel from the pistil of n, Ranunculus. 

Fig. 4<U. — 1. Similar aelia*uium, with rough points on the pericarp, from the pistil of Ranun- 
culus muricatus. 2. Aeluemum cut transversely to show the seed, y, not adherent to the 
parietes. 
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carpel. When the pericarp is extended in the form of a winged 
appendage, a Samara ( samera , seed of Elm) or samaroid achamlum is 
produced, as in the Ash (fig. 437), common Sycamore (fig. 465), and 
Hinea (fig. 466). In these eases, there are usually two acliama. 
united, one of* which, however, as in Fraxinus oxyphylla (fig. 437), 
may be abortive. The Wing (fig. 465 a) is formed by the carpel, and 
is either dorsal , i. e. a prolongation from the median vein (fig. 465 a), 
or marginal , that is, formed by the lateral veins (fig. 466 a). It sur- 
rounds the fruit longitudinally in the Elm. When the pericarp be- 
comes so incorporated with the seed, as to be inseparable from it, as 



in grains of Wheat, Maize, Eye (fig. 467), and other grasses, then the 
name Caryopsis or Cariopsis (xagia, a nut,, and oy/c, appearance) is 
given. 

543. There are some fruits which consist of two or more acluenia, at 
first united together, but which separate when ripe. Of this nature 
is the fruit of the Tropa'olum or Indian Cress, also that of Labiate 
and Boraginacea;, which is formed of four achamia. attached to the 
axis (fig. 402), whence the common style appears to proceed. Some 
of these are occasionally abortive. In the ripe state the pericarp 
separates from the seed in these cases; and thus there is a transition 
from indehi scent acluenia to single seeded dehiscent pericarps. So 
also the Cremocarp (xjs/xaw, to suspend), or the fruit <k Urn belli fer a? 
(fig. 454), which is composed of two achamia united by a commissure 


Fig. 465. — Seed-vessel of A cor Psendo-platanus, composed of two samaras or winged mono- 
sponnous carpels united, a, Upper part forming a dorsal wing. 7, Lower portion correspond- 
ing to the loeuhunonts. 

Fig. 460. — Samara taken from the fruit of Hirsna. s, Persistent style. I, Part corresponding 
to the loculament. an, Marginal wing or ala. 

Fig. 407. — Caryopsis of Secale cereale, Rye. 1. Entire. 2. Cut transversely to show the seed 
adherent to the parietes of the pericarp. 
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to a common axis or carpophore fruit, and to bear), 

from which they are suspended at maturity. It is sometimes deno- 
minated diachamium (dig, twice), from the union of two acliamia, which 
in this instance receive the name of mcncarps ({Tspoc, part), or hendcarps 
(^/x/tfuc, half, and xagFoc, fruit). 

544. The Nut or Glam . This is a onc-celled fruit with a hardened 
pericarp, surrounded by bracts at the base, and, when mature, con- 
taining only one seed. In the young state, the ovary contains two or 
more ovules, but only one comes to maturity. It is illustrated by the 
fruit of the Hazel and Chestnut, which are covered by leafy appendages, 
in the form of a hush, and by the Acorn, in which the leaves or bracts 
are united so as to form a cupula or cup (lig. 257). The parts of the 
pericarp of the Nut are united so as to appear one. In Sagus, or the 
Sago Palm, it is covered by peculiar closely applied scales, giving the 
appearance of a cone. 

545. The Drupe ( drnpa •, unripe olives). This is a succulent fruit 
covered by a pericarp, consisting of epicarp, mesocarp, and endocarp ; 
and when mature, containing a single seed. This term is applied to 
such fruits as the Cherry, Peach, Plum, Apricot, Mango, Walnut, 
Nutmeg, and Date. The endocarp is usually hard, forming the stone 
of the fruit, which encloses the, kernel or seed. The mesocarp is 
generally pulpy and succulent, so as to be truly a sarcocarp (Peach), 
but it is sometimes of a tough texture, as in the Almond, and at other 
times more or less fibrous. There is thus a transition from the Drupe 
to the Nut. Moreover, in the Almond, there are often two ovules 
formed, only one of which comes to perfection. In the Walnut-, the 
endocarp, which is easily separable into two, forms prolongations which 
enter into the interior, and cause a remarkable division in the seed. 
It has bee?n sometimes called Tnpua. In the Raspberry and Bramble, 
several small drupes or drupels are aggregated so as to constitute an 
Etueriu {sra/^oc, a companion). 

546. Dehiscent Apocarpous Fruits, — These open in various 

ways, and usually contain more than one seed, being either 
few-seeded, oligospermous (bXiyog, few, and a seed), or 

many-seeded, polt/spermom (rfoXvg, many). 

547. Follicle ( follicnlus , a little bag). This is a mature 
carpel, containing several seeds, and opening by the ventral 
suture (figs. 443, 468). It is rare to meet with a solitary 
follicle forming the fruit. There are usually several aggre- 
gated together, either in a circular maimer on a shortened 
receptacle, as in Hellebore, Aconite, Delphinium, and Ascle- 

piadacese ; or in a spiral manner on an elongated receptacle, as in 

Fig. 468. — Follicle or dehiscent many-seeded carpel of Aquilegia vulgaris, Columbine. Tin 
follicle dehisces by the ventral suture only. 
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Magnolias, Banksias, and Liriodendron (fig. 300). Occasionally in 
Magnolia grandiilora, some of the follicles open by the dorsal suture. 

548. The Legume or Pod (leg mien, pulse) is a solitary, simple, ma- 
ture carpel, dehiscing by the ventral and dorsal suture, and bearing 
seeds on the former. It characterizes leguminous plants, and is seen 
in the Bean and Pea (fig. 409). In the Bladder senna (fig. 470) 
it retains its leaf-like appearance, and forms an inflated legume. In 
some Le gummosa', as Arachis, the fruit must be considered a legume, 
although it does not dehisce. In place of opening at the sutures, some 
legumes are contracted at intervals, so as to include each seed in a 
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separate cell, and when ripe, the different divisions of the pod separate 
from each other. This constitutes the Lomcntum (lament mn, bean-meal), 
or lomentaceous legume of Iledysarum coronarium (tig. 460), Coroniilas, 
Omithopus, &c. In Medicago, the legume is twisted like a snail (fig. 
471), and in Ca*salpinia coriaria, or Divi-divi, it is vermiform or curved 
like a worm ; in Carmichaelia, the valves give way close to the suture, 
and separate from it, leaving a division. 

549. Syncarpous Fruits are formed by several carpels, which are 


Fig. 469. — Legume ot Pisnm sativum, common Pea, opened. It is formed by a single carpel, 
and dehisces by the ventral and dorsal suture, v *>, Valves formed by the two parts of the 
pericarp. p, The epicarp or external layer of the pericarp, p', Endoearp or internal layer. 
Between these the mesocarp is situated. <y, Seeds placed one over the other, attached to the 
placenta by short funiculi or cords, //. The placenta forms a narrow line along the ventral 
suture, 8 v. s <1, The dorsal suture corresponding to the midrib of tho carpellary leaf. 

Fig. 470. — Legume of Bladder senna (OohUaa arborescent;'), showing an inflated. foliaceous 
pericarp. 

Fig. 471.— Twisted or spiral legume of Medicago. 
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so united together as to appear one in their mature state. These 
fruits are either dry or succulent : in the former case, being usually 
dehiscent, in the latter, indehiscent. 

550. ludeliiHceni fcyncarpoiis Fruits. — The Berry (paced) is a succu- 
lent fruit, in which the seeds are immersed in a pidpy mass, formed 
by the placentas. The name is usually given to such fruits as the 
Gooseberry and Currant, in which the calyx is adherent to the ovary, 
and the placentas are parietal, the seeds being ultimately detached 
from the placenta, and lying loose in the pulp. Others have applied 
it also to those in which the ovary is free, as in the Grape, Potato, and 
Ardisia, and the placentas central or free central. The latter might be 
separated under the name Uva (grape). In general, the name of baccate 
or berried is applied to all pulpy fruits. In the Pomegranate there is 
a peculiar baccate many-celled fruit, having a tough rind formed by 
the calyx, enclosing two rows of carpels placed above eacli other. The 
seeds are immersed in pulp, and are attached irregularly to the parietes, 
base, and centre. The fruit has been called Bahmstci ( balaustium , 
flower of pomegranate), and the tough rind is called malicoritm (a 
name applied to it by Pliny). 

551. The Pepo or Pe panic! a, (rrs kojv, a pumpkin), is illustrated by the 
fruit of the Gourd, Melon, and other Cueurbitaceje, where the calyx 
is adherent, the rind is thick and fleshy, and there are three, or more 
seed-bearing parietal placentas, either surrounding a central cavity, 
or sending prolongations inwards. The fruit of the Papaw resembles 
the Pepo, but the ovary is not adherent to the calyx. 

552. The II expert dium (golden fruit in the garden of Ilesperides) is 
the name given to the fruit of the Orange, &c., in which the epicarp 
and mesocarp form a separable rind, and the endoearp sends prolonga- 
tions inwards, forming triangular divisions, in which pulpy cells are 
developed so as to surround the seeds which are attached to the inner 

n angle. Both Pepo and Hesperidium may be 

considered as modifications of the Berry. 

553. The Pome ( ponmm , an apple) seen in 
the Apple, Pear, Quince, &c., is a fleshy fruit 
with the calyx adherent, and forming along 
with the epicarp and mesocarp a thick cellular 
mass, which is eatable, while the endoearp is 
scaly or horny, and forms separate cells enclos- 
ing the seeds. The covering of the cells is 
sometimes stony, as in the Medlar (fig. 472), 
and the Holly, forming what lias been called a Nuculanhm ( nucnla , a 
nut). In the Medlar, the stony endocarps are called pyrence (erv^v, 

Fig. 472.— Fruit of common Medlar {Mwpilvs f/ermanim). Transverse section showing, e, epi- 
earp. s , Sarcoearp. n, ICndocarp forming stony coverings of the seeds. The fruit has been 
called nuculanium, and the hard central cells pyrense. 
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the stone of the fruit). In Gornus mas (fig. 473), there are two stony 
cells, n.j surrounded by the fleshy epicarp and mesocarp, and as they 
are close together, and one is often abortive 
(fig. 473, 2, /), there is a direct transition 
to the Drupe. 

554. Dehiscent ftyncarpons Fruits. — 

The Capsule ( capsula ? a little chest). This 
name is applied generally to all dry syn- 
carpous fruits, which open by valves or 
pores. The valvular capsule is observed in 
Digitalis (fig. 445), Hibiscus esculentus (fig. 449), Codrela angustifolia 
(fig. 450), Mahogany (fig. 451), and Cerastium viscosum (fig. 444). 
The porous capsule, is seen in the Poppy, Antirrhinum majus (fig. 462), 
and Campanula persieifolia (fig. 461). Sometimes the capsule opens 
by a lid, or by eircumseissile dehiscence, and it is then called a 
Pyxidium (pyxis, a box), as in Anagallis arvensis (fig. 458), Henbane 
(fig. 459), and Lccytliis. Tlie ca]>sule assumes a spiral form in the 
Ilelieteres, and a star-like or stellate form in LLlicium anisatum. In 
certain instances, the cells of the capsule separate from each other, and 
open with elasticity to scatter the seeds. This kind of capsule is 
met with in Hura crepitans, and other Euphorbiaccfe, where the cocci, 
containing each a single seed, burst asunder with force (fig. 453); and 
in Geraniacea', where the cocci containing more than one seed, sepa- 
rate from the carpophore, and become curved upwards by their 
adherent styles (lig. 455). In the former case, the fruit collectively 
has been called Ilerjma. (ffiyi&ot, a rupture). 

555. The tiiliyua (si/iyua, a husk or pod) (fig. 456), may be con- 
sidered as a variety of the capsule, opening by two valves ; those are 
detached from below upwards, close* to the sutures bearing thin parie- 
tal placentas, which are united together by a prolongation called a 
replum, or spurious dissepiment, dividing the fruit into two. Tlie 
seeds are attached on either side of the replum, cither in one row 
or in two. When the fruit is long and narrow, it is called ^ Hi qua; 
when broad and short, it is called Silicula. It occurs in cruciferous 
plants, as Wallflower, Cabbages, Cresses, Ac. The siliqua may bo 
considered as formed of two carpels, and two parietal placentas, united 
together so as to form a two-celled seed-vessel. Some say that in its 
normal state it consists of four carpels, and that two of these are abor- 
tive. There are four bundles of vessels in it, one corresponding to 
each valve, which may be called valvular or pencarpial , and others 
running along the edge called placental The replum consists of two 

Fig. 473. — Emit of Corn us mas, common Cornel. 1. Transverse section detaching the upper 
half of tlie fleshy portion, s , so as to show the central kernel , n. 2. Transverse section of the 
fruit through the central portion, n, showing that it consisted of two loculaments. I, One of the 
loculaments empty, the other containing a seed, g. 
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lamellae It sometimes exhibits perforations, becoming fenestrate (fenes- 
tra, a window). At other times its central portion is absorbed, so 
that the fruit becomes one-celled. 

Fruits which are the produce of several Flowers united . 

556. It sometimes happens that the ovaries of two flowers unite so 
a,s to form a double fruit. This may be seen in many species of 
Honeysuckle. But the fruits which are now to be considered, consist 
usually of the floral envelopes, as well as the ovaries of several flowers 
united into one, and are called Multiple or A nth ocur pons. 

557. The Sorosis (<rw£ 0 £, a congeries or cluster) is a multiple fruit 
formed by a united spike of flowers, which becomes succulent. The 
fruit of the Pine-apple (fig. 474) is composed of numerous ovaries, floral 
envelopes, and bracts combined so as to form a succulent mass. The 
scales outside, c <:, arc the modified bracts and floral leaves, which, 
when the development of the fruit-bearing spike terminates, appear in 
the form of ordinary leaves, and constitute the crown, f Other in- 
stances of a sorosis are the Bread- 
fruit and Jack-iruit. Sometimes a 
fruit of this kind resembles that 
formed by a single flower, and n 
superficial observer might have some 
difficulty in marking the difference. 
Thus, the Strawberry, Midberry, and 
Raspberry, appear to be very like 
each other, but they differ totally 
in their structure. The Strawberry 
and Raspberry are each the produce 
of a single flower, the former being 
a succulent edible receptacle bear- 
ing achamia on its convex surface ; the latter being a collection of 
drupes placed on a conical unpalatable receptacle ; while the Mulberry 
(fig. 475) is a sorosis formed by numerous flowers united together, 
the calyces becoming succulent, and investing the pericarps. 

558. Sf /conus (oftxov, a fig), is an anthocarpous fruit, in which the 
axis, or the extremity of the peduncle, is hollowed, so as to bear 
numerous flowers, all of which are united in one mass to form the 
fruit. The Fig (fig. 24G) is of this nature, and what are called its 
seeds are the achamia or seed-vessels of the numerous flowers scattered 
through the pulpy hollowed axis. In Dorstenia (tig, 245), the axis is 

Fig. 474.— Anthocarpous fruit of Ananassa sativa, Pine-apple, a, Axis bearing numerous 
flowers, the ovaries of which are combined with the bracts, cc, to form the fruit. /, Crown of 
the Ptne-apple consisting of empty bracts or floral leaves. 

Fig. 475.— Anthocarpous fruit of the Mulberry, formed by the union of several flowers. 
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less deeply hollowed, and of a harder texture, the fruit exhibiting often 
very anomalous forms. 

550. Strobilus (<rrgo/3/Xo£, fir-cone) is a fruit-bearing spike more or 
less elongated, covered with scales, each of which represents separate 


ilowers, and has two seeds at its 
base (fig. 47fi>). The scales may be 
considered as bracts, or as flattened 
carpellary leaves, and the seeds are 
naked, as there is no true ovary 
present with its style or stigma. 
This fruit is seem in the cones of 
Firs, Spruces, Larches, Cedars, &c., 
which have received the name of 
Conifcrae, or cone-bearing, on this 
account. The scales of the strobilus 
are sometimes membranous and thin, 
as in the Hop ; at other times they 
are thick and closely united, so ns 
to form a more or less angular and 
rounded mass, as in the Cypress 
(fig. 477); while in the Juniper 
they become fleshy, and are so in- 



47(5 478 


corporated as to form a globular fruit like a berry (fig. 478), which 


has received the name of Galbulus (<ja Ibttlus, nut of the cypress). 


5G0. — Tabular Arrangement of Fruits. 

A. Fruits formed from a single flower, and consisting of one or more Carpels, either 
separate or combined ; thus including Apocarpous, Aggregate, and Syncarpous 
Fruits. 

I. Indehiscent Pericarps. 

1. Usually containing a single seed : 

f fAchseniuin (hithospennnm). 

4?* g 4 Separable from the seed, < ( Mcricarp and Creniucarp in Umbelliferrc 

* j? [ and Cypwla in Composite), 

ja* S J Achfenia enclosed in fleshy tube of Calyx, Cynarrkodum (Rose). 

-g ^ Inseparable from the seed, Caryopsis (Grasses). 

& it Inflated Utricle (Chenopodium). 

J> ,| Having a cupulate involucrum, Gians (Acorn). 

[Having winged appendages, Samara (Sycamore). 

Fig. 47(5.— Cone of Finns sylvestris, Scotch Fir, consisting of num crons bracts or floral leaves 
each of which covers two winged seeds. These seeds are called naked, in consequence of not 
being contained in an ovary, with a style or stigma. 

Fig. 477. — Cone of Cupressns sempervirens, Cypress; one of the Gymnospermous ornaked- 
seeded plants, like the Fine, 

Fig. 478.— Succulent cone or Galbulus of J uni perns macrocarpa. e e e c, The different scales* 
or bracts united so as to enclose the seeds. 
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Covered 

carp, 


by a Pericarp consisting of Kpi-j p (ch y 
barcocarp, mid Endocarp , ........ .) * K 


Pm <2 

rt 6 


T3 -~T 
OJ p 

ECh 

Ci 


Drupe, with a two-vnlved Endocarp, having divisions extending from its inner 
surface, Tnjma (Walnut). 

Aggregate Drupes, Etanrio (Raspberry). 

2. Containing two or more seeds : 

Ovary adherent to Calvx, Placenta parietal, attach-) T , rri , 

Jut of seeds lost When ripe,.. ( Baeca (Gooseberry). 

attachment permanent,) n 1X 

rind thick and hard, ! / 1 W P° ( Gonrd )- 

Peculiar berried inany-celled fruit, with two or more? T > , , N 

rows of Carpels,... | f La,msta (T^megranate). 

Ovary not adherent to Calyx, Placenta central, I T va (Grape). 

Placenta parietal, Papaw fruit. 

soparabt,- rind, and separable pulpy j. Hes})Cridium (0rmigl ,). 

■rs 'S f Walls of cells or Endocarp horny, covered by a\ ^ \ . 1 \ 

o ‘-g ~ j fleshy Mesocarp and Epicarp, f l omum v PP O* 

a *3 o I Walls of cells or Endocarp stony, covered by a) , T , . ,, N 

w .s L flcsby Mesocarp and Tijarp,...! } NucuI " 

II. Dehiscent Pericarps. 

Opening by Ventral Suture only, Follicle (Prcony). 

Openitig by Ventral and Dorsal Suture, Legume (Pea). 

Lotwitfiun , a Legume separating into distinct pieces, each containing a 
seed (Ornithopus). 

Opening by two valves which separate from a Central) Siliqua (Cabbage). 

Replum or Frame, / jSilicula (Capsella). 

Opening by Transverse or Oircuinseissik* Dehiscence, Pyxiditun (Henbane), 

Opening by several valves or pores, without Ventral or) N 

Dorsal Suture, or Replum, [ U I ,sule ( 1( W)- 

Capsule adherent to Calyx, Diplotegia (Campanula). 

A long pod-like Capsule, Oeratium (Glauciurn). 

Opening by separation of clastic Cocci, Kegma (Ilura). 

13. Fruits formed by the union of several Flowers, and consisting of Floral Envelopes, as 
well as Ovaries ; those fire Multiple or Anthocarpous. 

Hollow Anthocarpous Fruit Syeonus (Fig). 

f formed by Indurated Catkin. — Strobilus (Fir Cone). 


C* 

•xj 


Convex Anthocarpous Fruit, 


(formed by Succulent Spike. — Sorosis (Bread-fruit). 


7. — MATURATION OF THE PERICARP. 

561. After fertilization, tlie parts of the ovary begin to swell, the 
foramen of the ovule is more or less closed, the stigma becomes dry, 
and the style either withers and falls off, or remains attached as a 
hardened process or apiculum ; while the embryo plant is developed 
in the owule. It has been stated that fruits, such as Oranges and 
Grapes, are sometimes produced without seeds. It does not appear, 
therefore, necessary for the production of fruit in all cases, that the 
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process of fertilization should be complete. In speaking of seedless 
Oranges, Dr. Bullar states that the thinness of the rind of a St. Michael 
Orange, and its freedom from pips, depend on the age of the tree. 
The young trees, when in full vigour, bear fruit with a thick pulpy 
rind and abundance of seeds ; but, as the vigour of the plant declines, 
the peel becomes thinner, and the seeds gradually diminish in number, 
till they disappear altogether. 

562. While the fruit enlarges, the sap is drawn towards it, and a 
great exhaustion of its juices takes place. In Annuals, this exhaustion 
is such as to destroy the plants; but if they are prevented from bear- 
ing fruit, they may be made to live for two or more years. Perennials, 
by acquiring increased vigour, are able better to bear the demand 
made upon them during fruiting. If large and highly-flavoured fruit 
is desired, it is of importance to allow an accumulation of sap to take 
place before the plant flowers. When a very young plant is permitted 
to do so, it seldom brings fruit to perfection. When a plant produces 
fruit in very large quantities, gardeners are in the habit of thinning it 
early, in order that there may be an increased supply of sap to that 
which remains. In this way, Peaches, Nectarines, Apricots, Ac., are 
rendered larger and bettor flavoured. When the fruiting is checked 
for one season, there, is an accumulation of nutritive matter, which 
has a beneficial effect on the subsequent crop. 

563. The pericarp is at first of a green colour, and performs the 
same functions as the other green parts of plants, decomposing car- 
bonic acid under the agency of light, and liberating oxygen. As it 
advances to maturity, it cither becomes dry or succulent. In the for- 
mer case, it changes into a brown or a white colour, and has a quantity 
of ligneous matter deposited in its substance, so as to acquire some- 
times great, hardness ; in the latter, it becomes fleshy in its texture, 
and assumes various bright tints, as red, yellow, Ac. In fleshy fruits, 
however, there is frequently a deposition of ligneous cells in the en do- 
carp, forming the stone of the fruit ; arid even in the substance of the 
pulpy matter or sarcoearp, there are found isolated ceils of a similar 
nature, as in some varieties of Pear, where they cause a peculiar 
grittiness. The contents of the cells near the circumference of succu- 
lent fruits are thickened by exhalation, and a process of endosmose 
goes on, by which the thinner contents of the inner cells pass out- 
wards, and thus cause swelling of the fruit. As the fruit advances to 
maturity, however, this exhalation diminishes, the water becoming 
free, and entering into new combinations. In all pulpy fruits wliich 
are not green, there are changes going on by which carbon is sepa- 
rated in combination with oxygen. 

564. Dry fruits may remain attached to the tree for some time 
before they are fully ripe, and ultimately separate by disarticulation. 
Occasionally, when the pericarp is tliick, it separates in layers like 
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the bark. Succulent, fruits contain a large quantity of water, along 
with cellulose or lignine, sugar, gummy matter or dextrine, albumen, 
colouring matter, various organic acids, as citric, malic, and tartaric, 
combined with lime and alkaline substances, besides a pulpy gelatinous 
matter, which is converted by acids into pectine or pectose, whence 
pectic acid is formed by the action of albumen. Pectine is soluble 
in water, and exists in the pulp of fruits, as Apples, Pears, Goose- 
berries, Currants, lfcaspberries, Strawberries, &c. Pectic acid is said 
to consist of C 14 IF O 12 -j- 110. It absorbs water, and is changed 
into a jelly-like matter; hence* its use in making preserves. Each kind 
of fruit is flavoured with a peculiar aromatic substance. Starch is 
rarely present in the pericarp of the fruit, although it occurs commonly 
in the seed. In Plantains, bananas, and Bread-fruit, however, 
especially when seedless, there is a considerable quantity of starch)' 
matter, giving rise to mealiness when these fruits are prepared as 
fritters. Oily matters are also found in the cellular tissue of man)' 
fruits. Thus, a fixed oil occurs in the Olive, and essential oils in the 
Orange, Lemon, Lime, Hue, Dictum n us, &c. 

505. During ripening, much of the water disappears, while the 
cellulose or lignine, ami the dextrine, are converted into sugar. The 
acids also combine with alkalies, and thus the acidity of the fruit 
diminishes, while its sweetness increases. In the Grape, when young, 
there is abundance of tartaric acid; but as the fruit advances to matu- 
rity, this combines with potash, so as to diminish tin* acidity. Certain 
fruits owe their aperient qualities to the saline matter which they 
contain. In seasons when there is little sun, and a great abundance 
of moisture, succulent fruits become watery, and lose their flavour. 
The same thing frequently takes place in young trees with abundance 
of sap, and in cases where a large supply of water has been given 
artificially. 

500. The following analysis of the Cherry in its unripe and ripe state, 
as given by Berard, exhibits generally the chemical composition of 


succulent fruits : — 

Chlorophyll? 

Unripe. 

005 

Ripe, 

Sugar 

M2 

18*12 

Gum or dextrine 

6*01 

;$*23 

Cellulose 

2'44 

1-12 

Albumen 

0-21 

0*57 

Malic acid. 

1*75 

2*01 

Lime..... 

0*14 

0*10 

Water * 

88*28 

74*85 


100*00 

100*00 


The following table show r s the changes produced on the water, sugar, 
and cellulose, in 100 parts of unripe and ripe fruits : — 
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Water. 

Sugar. 

Collld 

ose. 


Unripe. 

Ripe. 

Unripe. 

Ripe, 

Unripe. 

Ripe. 

Apricot 

89*39 

74*87 ... 

... e-64 

16*48 ... 

... 3*61 

1*86 

Peach 


80*24 ... 

... 0*63 

11*61 ... 

3*01 

1*21 

Cherries .. 

88*28 

74*85 ... 

... 1*12 

18*12 ... 

... 2*44 

M2 

Plums 

74*87 

71*10 ... 

... 17*71 

24*81 ... 

... 1*26 

1.11 

Pears 

.....86*28 

83*88 .... 

... 6.45 

11*52 .... 

... 3*80 

2*19 


567. It is not easy in all cases to determine the exact time when 
the fruit is ripe. In dry fruits, the period immediately before dehis- 
cence is considered as that of maturation ; but, in pulpy fruits, there 
is much uncertainty. It is usual to say that edible fruits are ripe, when 
their ingredients arc in such a state of combination as to give the most 
agreeable flavour. This occurs at different periods in different fruits. 
After succulent fruits are ripe in tin.* ordinary sense, so as to be capable 
of* being used for food, they undergo further changes, by the oxidation 
of their tissues, even after being separated from the plant. In some 
cases, these changes improve the quality of the fruit, as in the case of 
the Medlar, the austerity of which is thus still further diminished. In 
tin* Pear, this process, called by Lindley hletthxj (from the French, 
blcssi ), renders it soft, but still fit for food ; while in the Apple, it 
causes a decay which acts injuriously on its qualities. By this process 
of oxidation, the whole fruit is ultimately reduced to a putrefactive 
mass, which probably acts beneficially in promoting tin* germination 
of tin* seeds when the fruit drops on the ground. 

568. The period of time required for ripening tin* fruit, varies in 
different plants. Most plants ripen their fruit within a year from tin* 
time of the expansion of the Hower. Some come to maturity in a few 
days, others require some months. Certain plants, as some Conifercc, 
require more than a year, and in the Metrosideros, the fruit remains 
attached to the branch for several years. The following is a general 
statement of the usual time required for the maturation of different 
kinds of fruit: — 


Grasses, 13 to 45 days. 

Raspberry, Strawberry, Cherry, 2 months. 

Bird-cherry, Lime-tree, 3 — 

Roses, White-thorn, Horse-chestnut, 4 — 

Vine, Pear, Apple, Walnut, Beech, Plum, Nut, Almond,... 5 to 6 — 

Olive, Savin, ..7 — 

Colchicum, Mistleto,, 8 to 1) , — 

Many Ooniferm, 10 to 12 — 

Some Coniferse, certain species of Oak, Metrosideros, above 12 — 


The ripening of fruits may be accelerated by the application of heat, 
by placing dark-coloured bricks below it, and by removing a ring of 
bark so as to lead to an accumulation of sap. Trees are sometimes 
made to produce fruit, by checking their roots when too luxuriant, 
and by preventing the excessive development of branches. 
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569. drafting. — A very important benefit is produced, both as re- 
gards the period of fruiting and the quality of the fruit, by the process 
of grafting. This is accomplished by taking a young twig or scion, 
called a rjraft , and causing it to unite to a vigorous stem or stock, thus 
enabling it to derive a larger supply of nutritive matter than it could 
otherwise obtain, and checking its vegetative powers. In place of a 
slip or cutting, a bud is sometimes taken. In order that grafting 
may be successfully performed, there must be an affinity between the 
graft and the stock as regards their sap, &c. It has often been sup- 
posed that any kinds of plants may be grafted together, and instances iire 
mentioned by Virgil and Pliny, where different fruits are said to have 
been borne on the same stock. This was probably produced by wliat 
the French call Grffe des charlatans , — cutting down a tree within a 
short distance of the ground, and then hollowing out the stump, and 
planting within it several young trees of different species; in a lew 
years they grow up together so as to fill up the cavity and appear to 
be one. The deception is kept up better, if some buds of the parent 
stock have been kept alive. 

570. The object which gardeners wish to secure by grafting, is the 
improvement, of the kinds of fruit, ihe perpetuation of good varieties, 
which could not be procured from seed, and the hastening of the period 
of the fruit-bearing. Grafting a, young twig on an older stock, has the 
effect of making it flower earlier than it would otherwise do. The 
accumulation of sap in the old stock is made beneficial to the twig, and 
a check is given at the same time to its tendency to produce leaves. 

571. Mr. Knight did much to improve fruits by grafting. He be- 
lieved, however, that a graft would not live longer than the natural 
limit of life allowed to the; tree from which it has been taken. In this 
way he endeavoured to account for the supposed extinction of some 
valuable varieties of fruits, such as the Golden pippin, and many cider 
apples of the seventeenth century.* He conceived that the only natural 
method of propagating plants was by seed. His views have not been 
confirmed by physiologists. Many plants are undoubtedly propagated 
naturally by shoots, buds, tubers, &c., as well as by seed; and it is 
certain that the life of slips may be prolonged by various means, much 
beyond the usual limit of the lift of the parent stock. The Sugar-cane 
is propagated naturally by the stem, the Strawberry by runners, the 
Couch-grass by creeping stems, Potatoes and Jerusalem Artichokes by 
tubers, the Tiger-lily by bulblets, and Achimenes by scaly bodies, like 
tubers. The fruits, moreover, which Mr. Knight thought had disap- 
peared, such as Red streak, Golden pippin, and Golden Harvey, stiH 
exist, and any feebleness that they exhibit does not appear to proceed 
from old age, but seems to be owing to other causes, such as the nature 
of the soil, cold, violence, and mutilation. Vines have been transmitted 

* See Knight’s Horticultural Papers, 8vo. London, 1811, p. 81. 
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by perpetual division from the time of the Romans. A slip taken 
from a Willow in Mr. Knight’s garden, pronounced by him as dying 
from old age, was planted in the Edinburgh Botanic Garden about 
thirty years ago, and is now a vigorous tree, although the original stock 
has long since undergone decay. It is true, however, that a cutting 
taken from a specimen already exhausted by excessive development 
of its parts, will partake of the impaired vigour of its parent, and will 
possess less constitutional energy than that taken from a vigorous stock. 

f)7 2. In grafting, various methods have been adopted. One of these is 
grafting by approach, or inarching, when two growing plants are united 
together, and after adhesion one is severed from its own stock, and 
left to grow on the other. This kind of adhesion sometimes takes place 
naturally in trees growing close together. It is well seen in a fir- 
tree in the burying-ground at Kilim. The branch of the same tree 
may also be bent, so as to become united to the stem at two points. 
This is often seen in the Ivy. The roots of contiguous trees occa- 
sionally unite by a process of grafting, and to this is attributed the 
continued vigour of the stump of Spruce-trees cut down on the Swiss 
mountains. This natural grafting of roots has been observed in the 
White Pine (A hies pectinata), and sometimes in the Red Pine {Abies 
excelsd), as well as in the Scotch Fir {Pinas sylvestris). 

573. The us mil method of grafting is by scions or slips , which are 
applied to the stock by a sloping surface, or are inserted into slits 
in it by cleft-grafting, or into perforations by wimble or peg-grafting. 
Sometimes several slips are placed in a circular manner, round the 
inside of the bark of the stock, by crown- grafting ; or the bark of a 
portion of the stock is removed, and that of the scion is hollowed out, 
so as to be applied over it like the parts of a flute, hence called flute- 
grafting. Budding is practised by the removal of a bud from oik* 
plant, along with a portion of* the bark and new wood, and applying it 
to another plant, in which a similar wound has been made. Grafting 
is usually performed between the woody parts of plants, but herbaceous 
parts may also be united in this way. The graft and stock are secured 
together by means of clay, or a mixture of bees’- wax and tallow, or 
by bits of Indian rubber. 

574. By grafting, all our good varieties of apples have been pro- 
duced from the Crab Apple. The seeds of the cultivated apples, when 
sown, produce plants which have a tendency to revert to the original 
sour Crab. Grafted varieties can only be propagated by cuttings. 
The influence exercised by the stock is very marked, and it is of great 
importance to select good stocks on which to graft slips. In this way 
the fruit is often much improved by a process of ennobling , as it is 
called. The scion also seems in some cases to exercise a remarkable 
effect on the stock. Slips taken from varieties with variegated leaves, 
grafted on non-variegated, have caused the leaves of the latter to assume 

s 
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variegation, and the effect, when once established, has continued even 
after the slip was removed. The effects of grafting are well seen in 
the case of the Red Laburnum, when united to the Yellow species. 
The Red Laburnum is a hybrid between the common Yellow Laburnum 
and Cytisus purpureus, or the Purple Laburnum. The branches be- 
low the graft produce the ordinary yellow bibumum flowers of large 
size ; those above exhibit often the small purple laburnum flowers, as 
well as reddish flowers intermediate between the two in size and 
colour. Occasionally, the same cluster has some, flowers yellow and 
some purplish. 


8. — SEED OR FERTILIZED OVULE ARRIVED AT MATURITY. 


575. While the pistil undergoes changes consequent on the dis- 
charge of the pollen on the stigma, and ultimately becomes the fruit, 
the ovule idso is transformed, and, when fully developed, constitutes 
the seed . After fertilization, the foramen of the ovule contracts, the 
embryo or young plant gradually increases in its interior, by the 
absorption of the fluid matter contained in the sac of the amnios, 
solid nutritive matter is deposited, and a greater or less degree of 
hardness is acquired. The seed then is the fecundated mature ovule 
containing the embryo, with certain nutritive and protective appen- 
dages. When ripe, the seed contains usually a quantity of starchy 
and ligneous matter, various azotised compounds, as caseine, vegetable 
albumen, oily and saline matters. It sometimes acquires a stony 
hardness, as in the case of vegetable ivory, the seed of Phytelephas 
macrocarpa. Care must be taken not to confound it with single- 
seeded pericarps, such as the Achamium and Garyopsis, in which a 
style and stigma are present ; nor with bulbils or bulblets, as in 
Lilium bulbiferum, and Dentaria bulbifera, which are germs or separ- 
able buds developed without fecundation. 

576. Seeds lire usually enclosed in a seed-vessel or pericarp, and hence 
the great mass of flowering plants are called angiospermous {ayyog, or 
< xyyeiov , a vessel, and tfrrs^aa, a seed). In Conifers and Cycadacea, how- 
ever, the seeds have no true pericarpial covering, and fertilization takes 



place by the direct application of the pollen to the seed, with- 
out the intervention of stigma or style. Hence the seeds, 
although sometimes protected by scales, are truly naked, 
and the plants arc called gymnospemnous (yvpvbg, naked, 
and tr-rsg/CAa, a seed). Occasionally, by the early rupture 
of the pericarp, seeds originally covered become exposed. 
This is seen in Leontice, Cuphea, &c. In Mignonette, 


the seed-vessel (fig. 479) opens early, so as to expose the seeds, which 


are called seminude. 


Fig. 479.— Fruit or capsule ol Reseda opening carl}', so that the ovules become seminudv. 
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577. Besides being contained in a pericarp, the seed has its own 
peculiar coverings. Like the ovule, it consists of a nucleus or kernel , 
and integuments . In some instances, although 
rarely, all the parts of the ovule are visible 
in the seed, viz., the embryo-sac, or quintinc, 
the quartine, the tercine formed from the 
nucleus, the secundinc, and the primine. 

In fig. 480, there is a representation of the 
seed of Nymphaea alba, in which s e indicates 
the embryo-sac, containing the embryo, e; 
n, the cellular farinaceous covering (quar- 
tine), formed round the embryo-sac ; m t, 
membrane formed from the nucleus (tcrcine); 
m i, the secundinc; t, the primine. In general, 
however, great changes take place; by the 
development of the embryo ; the embryo-sac 
is often absorbed, or becomes incorporated 
with the cellular tissue of the nucleus ; the 
same thing occasionally takes place in the 
secundinc, so that in the ripe, seed, all that 
can be detected is the embryo and two 
coverings. The general covering of the 
seed is called spermoderm (ir^sg/xa, seed, 
and dspfia, covering). In order to correspond with the name applied 
to the covering of the fruit, it ought more properly to be denominated 
perisperm around, and <rcrs^a, seed). This latter term, however, 
has been appropriated to a certain portion of the seed, to be afterwards 
noticed under the name of albumen. 

578. Tlie spermoderm usually consists of two parts, an external 

membrane , called the cpisperm or testa (scri, upon, or on the outside, 
and a, a seed, or testa, a shell), and an internal membrane, called 
endopleura (svdov, within, and ff’ksuga, side). The former may consist 
of a union of the primine and secundinc, or of the primine only, when, 
as occasionally happens, the secundine is absorbed ; the latter, of a 
combination between the membrane of the nucleus and the embryo- 
sac, or of one of these parts alone. Sometimes the secundinc remains 
distinct in the seed, forming what has been called a mmosperm (,'MGog, 
middle) ; and when it assumes a fleshy character, it has received the 
name of sarcospem or sar coderm flesh). 

579. The Epteperm consists of cellular tissue, which often assumes 

Fig. 480. — Young seed of Nymph tea alba cut vertically. /. Funiculus or umbilical cord, 
o, Arillus derived from the placenta, r, Raphe, c. Chj&laza or cotyledonary end of the seed. 
h, Hi linn or base of the seed, m, Micropyle or foramen, t. Testa or primine. m i, Secundine. 
m t, Tercine or membrane of the nucleus, n, Farinaceous external periftperm or albumen formed 
by the nucleus, and probably constituting the quartine of Mirbel. se, s e, Internal perisperm 
or endosperm formed by the embryo-sac. e, The embryo. 
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various colours, and becomes more or less hardened by depositions in 
its interior. In Abrus precatorius, and Adenanthera pavonina, it is 
of a bright red colour; in French beans, it is beautifully mottled; in 
the Almond, it is veined ; in the Tulip and Primrose, it is rough; in 
the Snapdragon, it is marked with depressions ; in Cotton and Ascle- 
pias, it has hairs attached to it ; and in Mahogany and Bignonia, it is 
expanded in the form of wing-like appendages. In Salvia, Collomia, 
Acanthodium, and other seeds, it contains spiral cells, from which, 
when moistened with water, the fibres uncoil in a beautiful manner, 
having a membranous covering. In the episperm of the seed of 
Ulinus campestris, the cells are compressed, and their sinuous boun- 
daries are traced out by minute rectangular crystals adhering to their 
walls. 

580. The Endopleura is also cellular. It is often thin and trans- 
parent, but it sometimes becomes thickened. It is applied more or 
less closely to the embryo, and sometimes follows a sinuous course, 
forming folds on its internal surface, and separating from the episperm. 

When the embryo-sac remains distinct from the nucleus in the seeds, 
as in Nymphasa, Zingiber, Piper, &c., it forms a covering to which 
the name of vitellus ( vitellus , yolk of an egg) was given by Gautncr. 

581. ArXUut*. — Sometimes there is an additional covering to the 
seed, derived from an expansion of the funiculus or placenta after 
fertilization, to which the name arillus has been given. This is seen 
in the Passion-flower, where the covering commences at the base, and 
proceeds towards the apex, leaving the foramen uncovered. In the 
Nutmeg and Spindle-tree, this additional coat is said to commence at 
the side of the exostome, and to proceed from above downwards, con- 
stituting, in the former case, the substance called mace ; and in the 
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latter, the bright scarlet covering of the seeds (figs. 481, 482). In 
such instances, it has been called by some an arillode. This anllode, 
after growing downwards, may be reflected upwards, so as to cover 
the foramen. 

Fig. 481.— 1, 2, 3, and 4, Various states of the arillus of Ewmymits, the Spindlo-tive. The 
%uros show the mode in which it is developed from the edges of the foramen, aaaa, AriUorit-. 
////, Foramen or exostome. 
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582. On the testa, at various points, there are produced at times 
i ‘llular bodies, which are not dependent on fertilization, to which the 



name of stropltioles ( [sirop/tiolum , a little garland), or cant a rules (caruti- 
owla, a little piece of flesh), has been given, the seeds being strophio- 
late or carunculate. These tumours may occur 
near the base or apex of the seed, they may be 
swellings of the exostome, as in Ricinus (fig. 483 o), 
or they may occur in the course of the raphe. 

583. Seeds arc attached to the placenta by 
means of a funiculus or umbilical cord, which 
varies much in length. In Magnolias it attains a 
great length, and when the seed is ripe it appears 
like a cord suspending it from the follicle. The 
point of the seed by which it is united to the cord 
or the scar left on its separation, is called the hi him or umbilicus , and 
represents its base. It frequently exhibits marked colours, being 
black in the Beau, white in many species of Phaseolus, &c. It may 
occupy a small or large surface, according to the nature of the attach- 
ment. What constitutes the foramen of the ovule, becomes the 
rnicropyle ({Lncghg, small, and ‘VuXtj, gate) of the seed, with its exostome 
and endostomc. This may be recognizable by the naked eye, as in 
the Pea and Bean tribe, Iris, &c., or it may be very minute and 
microscopic. It indicates the true apex of the seed, and is important 
as marking the part to which the root of the embryo is directed. At 
the micropylo in the Bean, is observed a small process of integument, 
which, when the young plant sprouts, is pushed up like a lid, and is 



Fig. 482.-— Development of the some arillus, n, around the ovule, o, exhibited in a different 
position. 1, 2, 3, 4, are four successive stages of development. In fig. 4, the arillus has been 
cut vertically, to show its relation to the ovule, which it surrounds completely. 

Fig. 483. — -Vertical section of a carpel of liiciuus communis, mid of the seed which it contains. 
a, Pericarp. 1, Loculament. /, Funiculus or umbilical cord, £, Integuments of the seed, having 
at their apex a camncula, c, which is traversed by the small canal of the exostome. The exos- 
tome does not correspond exactly with the endostomc, which is immediately above the radicle. 
r, liftphe. c k, C'halaza. p, Feri sperm or albumen, the upper portion of w'hicli only is seen 
t. Embryo, with its radicle, e r, and its cotyledons, e c. 
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called errd>ryotega ( tego , to cover). The fibro- vascular bundles from 
the placenta pass through the funiculus and reach the seed, either 
entering it directly at a point called ihe oiriphalode (o/xpaXog, navel), 
which forms part of the hilum, or being prolonged between the outer 
and inner integument in the form of a raphe , and reaching the chalaza 
or organic base of the nucleus, where a swelling or peculiar expansion 
may often be detected, as in Crocus. In fig. 480, the spiral vessels, r, 
are seen entering the cord, f passing through the hilum, /?, forming 
the raphe, /*, between the testa, £, and endopleura, m a, and ending in 
the chalaza] expansion, c. So also in fig. 484, where f is the funi- 
culus, r the raphe united to the hilum and chalaza, c 1 whence vessels, 
v 7 penetrate the seed. In some seeds, as Narthecium ossifragum, the 
vessels are said not to appear till after fertilization, and in Habenaria 
viridis none have been detected. The chalaza is often 
of a different colour from the rest of the integuments. 
In the Orange, it is of a reddish-brown colour. Some- 
times, however, its structure, can only be recognized 
by careful dissection. It indicates the cotyledonary 
extremity of the embryo. The hilum and chalaza 
may correspond, or they may be separated from each 
other and united by the raphe (fig, 484). The raphe 
is generally oil the side of the seed next the ventral suture. 

584. The positions of the hilum, mieropyle, and chalaza, are of 

importance 1 in determining the nature of the seed. The hilum is the 
base of the seed, and the mieropyle its apex, while the chalaza is the 
organic base of tlic nucleus. The hilum and chalaza may correspond, 
the mieropyle being at the opposite extremity, and then the seed is 
orthotropal (ogObg, straight). The seed may be curved so that the 
mieropyle is close to the hilum, and the chalaza, by the growth of the 
seed on one side, may be slightly removed from the hilum, then the 
seed is campylotropal curved). The mieropyle may be 

close to the liilum, and the chalaza in the progress of development 
may be removed to the opposite end, then the seed is anatropal 
(avargsKUi to reverse).* 

585. The position of the seed as regards the pericarp, resembles 
that of the ovule in the ovary, and the same terms are applied — erect, 
ascending, pendulous, suspended, curved, &c. (figs. 423, 424, 425, 
426, 420). These terms have no reference to the mode in which the 
fruit is attached to the axis. Thus the seed may be erect while the 
fruit itself is pendent, in the ordinary meaning of that term. The part 
of the seed next the axis or the ventral suture is its face , the opposite 
side being the back. Seeds exhibit great varieties of forms. They 

* See f 467, where these terms are more fully explained when treating of the ovule. 

Fig. 484.— Seed of the Hazel. /, Funiculus, r, Raphe, c , Chalaza. n, Veins spreading in 
a radiating manner over the integuments of the seed. 
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may be flattened laterally, compressed; or from above downwards, 
depressed . They may be round, oval, triangular, polygonal, rolled up 
like a snail, as in Physostemon; or cofled up like a snake, as in Ophio- 
caryon paradoxum. 

580. The great object of fertilization is the formation of the embryo 
in the interior of the seed. In general, one embryo is produced, con- 
stituting what is denominated mommbryomj (/Usovog, one); but in Cotii- 
ferae, Cycadacese, Mis tie to, &c., there are frequently several embryos, 
giving rise to what is called pob/embnjony (rroXvc;, many). Sometimes 
two embryos become united together in the same seed. In the coni- 
ferous seeds, numerous corpuscles are seen whence the embryos pro- 
ceed. The process of fertilization has already been traced until the 
embryo appears as a rounded cellular body, enclosed in the embryo- 
sac, and attached to a suspensor. In fig. 480, e is the embryo, and 
.5 e the embryo-sac. In this sac there is at first a mucilaginous fluid, 
the amnios , in which cells are speedily developed, commencing on its 
inner surface, and extending towards the interior. The embryonic 
cell (fig. 485 v), still attached to the sac by its suspensor, contains 
in the early state semifluid granular matter, which becomes organized, 
producing distinct nucleated cells (fig. 485, 2, e). These gradually 
multiply, and form at length a cellular mass, at first undivided (fig. 
485, 3, e ), but afterwards showing a separation of parts, so that the 
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axis and lateral projections or rudiments of leaves can be distinguished. 
In figs. 486 to 491, all the stages of the formation of embryo can be 

Fig. 485. — First development of the embryo of Draba verna. o, Suspensor, which in this 
plant is very long, v, Embryonic or germinal vesicle,. e f Embryo. 1. First stage, in which 
the embryonic vesicle only is seen. 2. Second stage, showing several cells formed in the em- 
bryonic vesicle. 3. Third stage,, in which the embryo becomes more conspicuous in consequence 
of the formation of numerous small cells. 

Fig. 486. — M onoeoty ledonous embryo of Pot&mogeton perfoliatus in its early stage, appearing 
as a vesicle or simple cell. 

Fig. 487. — The same farther advanced, showing radicle, r, gemmule or plumule, g, and the 
cotyledon, c. 

Fig. 488. — Dicotyledonous embryo of (Enotliera crassipes in its early stage, appearing as a 
vesicle or cell 

Fig, 489. — The same further advanced, showing three united utricles or cells. 

Fig. 490. — The same more developed, showing numerous cells. 

Fig. 491. — The same in a more developed state, showing radicle, r, gemmule, g 1 and cotyle- 
dons, c c. 
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traced; appearing first as a simple cell (figs. 486, 488), forming others 
in its interior (figs. 489, 490) ; and finally, the parts of the embryo 
becoming visible, as in fig. 491, where gr is the axis representing the 
stem and roots, and cc are the lateral projections, which are developed 
as leaf-like bodies, called cotyledons (xorutydcl/v, the mime of a plant 
1 laving leaves like seed-lobes). 

587. Peri sperm or Albumen. — As the embryo increases in size, it, 
gradually causes absorption of the cellular tissue in the embryo-sac, and 
it is sometimes developed to such a degree as to reduce the nucleus and 
embryo-sac to a thin integument. In such a case the seed consists of 
integuments and embryo alone. In Santalurn, Osyris, and Loranthus, 

( Iriifith says the ovule is sometimes reduced entirely to a sort of embryo- 
nary sac. In Aviccnuia, the embryo, at its maturity, is on the outside of 
the nucleus and body of the ovule. In other cases it enlarges to a certain 
extent, filling the embryo- sac completely or partially, and only encroach- 
ing slightly on the cells of the nucleus. The cells surrounding the em- 
bryo then become filled with a deposit of solid matter csdlcd albumen , 
consisting of starchy, oily matter, and nitrogenous compounds. To 
tliis matter some have applied the term perisperm (‘Ttso/, around, and 
frTsz/Aa, seed) ; others, that of nulospmn (evbov, within). The name 
I /crisper mic albumen , or perispenn, is often restricted to that found in 
the cells of the nucleus alone (fig. 480 n) ; endo$)/et'mk albumen , or 
endosperm, to that found -within the embryo-sac alone (fig. 480 s e), as 
in Chclidonium majus, Ranunculaceas, Umbelliierce, &c. Sometimes 
both kinds of albumen occur in tlie same seed, as in Nymphaeacea* 



and Piperacefe. Schleiden states, that in some instances the albumen 
is produced in the region of the chalaza. He also remarks, that endo- 
spermic albumen is common in Endogens. In some Scrophularias, the 


Fig. 402.— Anatropal mature seed of Hellebores ni&er cut vertically. The embryo, f, is small 
as compared with the perisperm or albumen, p. t, Spermoderm or coverings of the seed. 
J, Funiculus. It, Ililum. c, Chalaza, 

Fig. 403.— Mature seed of Diphylleia peltata, showing an embryo, which occupies a large 
portion of the seed than in iig. 404, Letters indicate the same parts as in the previous figure. 

Fig. 494,— Ripe seed of Berberis vulgaris, exhibiting a larger embryo, e, as compared wit] 
t he perisperm, p. Letters as in figs. 402 and 403. 
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embryo-sac forms little cavities or bags, which in the ripe seed remain 
as appendages to the albumen. Seeds in which the embryo occupies 
the entire seed, are called exalbuminous (ex, without), as Composite, 
Crucifera;, and most Leguminosse, while others having separate albumen 
are albuminous. The larger the quantity of albumen in a seed, the 
smaller the embryo. In figs. 492 to 494, the relative proportion which 
the embryo bears to the albumen or perisperm in different seeds is 
shown ; e being the embryo with its cotyledons and young root, p 
the perisperm, t the coverings of the seed, f the funiculus or cord, 
h the hilum, and c the chalaza. In fig. 492, the embryo is minute, 
and occupies only a small part of the apex of the albumen ; in fig. 

493, it is larger, and has encroached on the perisperm ; while in fig. 

494, it is still more developed, much of the albumen having been 
absorbed. 

588. The albumen varies much in its nature and consistence, and 
furnishes important characters. It, may be farinaceous or mealy , con- 
sisting chiefly of cells filled with starch (fig. 495), as in Cereal grains, 
where it is abundant; fleshy or cartilaginous , consisting of thicker cells 
which are still soft, as in the Coco-nut, and which sometimes contain 
oil, as in the oily albumen of Croton (fig. 496), Kicinus, and Poppy ; 
homy , when the matter in the cells is of a hard consistence, and often 
arranged in a concentric manner, so as nearly to fill the entire cavity, 
as in Date, Ivory-Palm, and Coffee. The albumen may be uniform 
throughout, or it may present a mottled appearance, as in the Nutmeg, 




the seeds of Anonacese, and some Palms (fig. 497), where it is called 
ruminated. This mottled appearance depends on the endopjeura oi 
inner integument forming folds on which the albumen is deposited, 
mid when the seed is ripe, these foldings of the membrane divide the 
albumen in a sinuous or convoluted manner. 

Fig. 495. — Section of a small portion of the farinaceous perisperm or albumen of Zen Mais. 
Indian com. c c c f Cells. ///, Grains of starch in the cells. 

Fig, 496, — Section of a small portion of the oily perisperm or albumen of Croton Tiglium. 
rccc, Cells, hhh. Drops of oil contained in the cells. 

Fig. 497. — Vertical section of the fruit of Areca Catechu, c, Perianth. f 1 Pericarp. p f Rumi- 
nated perisperm or albumen, t. Embryo. 
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589. The albumen is a store of matter laid up for the nourishment 
of the embryo. In the Coco-nut and double Coco-nut, it forms the 
great bulk of the seed, weighing many ounces, while the embryo is 
minute, weighing a few grains, and lies in a cavity at one extremity. 
In Coffee, the albumen is the horny portion, the infusion of which is 
used for a beverage. In Phytelephas it is called vegetable ivory from 
its hardness, and is used for the same purposes as ivory. In the horny 
albumen of this Palm, as well as in that of the Attalea funifera, the 
Date and the Doom Palm, the concentric deposition of secondary 
layers, leaving a small cavity in the centre of the cells, and radiating 
spaces uncovered with thickening matter, is well seen under the 
microscope. 

590. The embryo consists of cotyledons or rudimentary leaves, the 
plumule (plumida, a little feather), or gemmule (gemma, a bud), repre- 
senting the ascending axis, the radicle (radix, root), or the descending 
axis, and their point of union the collum, collar or neck ; that part 

of the axis which intervenes between the collar and cotyledons 

f being the caulicule (cauliculus, a little stalk), or tigelle (tigellus, a 
little stalk). The embryo varies in its structure in the different 
498 divisions of the vegetable kingdom. In acrogenous and thallo- 
genous plants, it continues as a cell or spore, with granular 
matter in its interior (fig. 498), without any separation of parts or 



the production of cotyledons. Hence these plants are called acotyle - 
domus (a, privative, xorvXr,dojv). Endogenous and Exogenous plants, 

Fig. 498. — Acotyledonous embryo of Marelmntia polymorpha. Such embryos beaT the name 
of spores. 

Fig. 499.— Monocotyledonous embryo of Potamogeton perfoliatus nearly mature, r , Radicle. 
t, Caulicule or tigellus. c, Cotyledon. </, Geuunule or plumule. 

Fig. 500.— Mature dicotyledonous embryo of the common Almond, r, Radicle or young root. 

Fig. 501. — The same, with one of the cotyledons removed, r, Radicle, f, Tigelle or caulicule. 

One of the cotyledons left, ic, Cicatrix left at the place where the other cotyledon was at- 
tached. g , Geuunule composed of several small leaves. 
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on the other hand, exhibit a marked separation of parts in their 
embryo, the former having one cotyledon, and hence being mono - 
cotyledonous (i&ovog, one); the latter two, and hence dicotyledonous (dig, 
twice). Thus, the whole vegetable kingdom is divided into three 
grand classes by the nature of the embryo. Fig. 490 represents a 
monocotyledonous embryo, with its cotyledon, c ; while figs. 500 and 
501, exhibit a dicotyledonous embryo, with its cotyledons, c c. 

591. The Spore of acotyledonous plants (fig. 498) is a cellular 
body, from which a new plant is produced. Germination takes place 
in any part of its surface, and not from fixed points. Some consider 
it as produced independent of any process of fertilization, others con- 
sider the union of two kinds of cells as necessary for its formation. 
When formed, it sometimes presents filaments or vibratile cilia on its 
surface (figs. 431-434), by means of which it moves about in fluids like 
some of the Infusoria. When it germinates, these cilia disappear. 
Sometimes spores are united in definite numbers, as in fours, sur- 
rounded by a cellular covering, or perispore (yrzoi, around, and (T-roga, 
a spore), or sporidiim , and thus forming the reproductive body called 
a tetraspore (rergdg, four), which is common in Alga;. 

592. Embryo. — In the embryo or corculnm ( corculum , a little heart), 
the first part formed is the axis, having one of its extremities turned 
towards the suspensor, and the other in the opposite direction ; the for- 
mer indicating the point whence die young root or radicle is to pro- 
ceed, and the latter that whence the leafy stem is to arise. As the 
first leaves produced are the cotyledons, this stem is called the cotyle- 
donary extremity of the embryo, wliile the other is the radicular. 
The radicular is thus continuous with the suspensor, and consequently 
points towards the micropyle (fig. 494 h ), or the summit of the nu- 
cleus, an important fact in practical botany; while the cotyledonary, 
being opposite, is pointed towards the base of the nucleus or the 
ehalaza (fig. 494 c). Hence, by ascertaining the position of the micro- 
pyle and clialaza, the two extremities of the embryo can in general 
be discovered. In some rare instances, in consequence of a thicken- 
ing taking place in the coats of the seed, as in llicinus (fig. 483), 
and some Euphorbiacese, there is an alteration in the micropyle, so 
that the radicle docs not point directly to it. 

593. The part of the axis which unites the radicle and the cotyle- 
don or cotyledons, is denominated caulicule or tigelle (figs. 499 t, 
501 t). This is sometimes very short. From the point where the 
cotyledons are united to the axis, a bud is developed (in the same 
way as from the axil of leaves) ; this bud contains the rudiments of 
the true or primordial ( primus , first, and ordo , rank) leaves of the plant, 
and has been called plumule or gemmule, This bud may be seen 
usually lying within the cotyledons. Thus, in fig. 501, the embryo 
of the Almond exhibits the gemmule, g, lying on one of the cotyle- 
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dons, the other having been removed and leaving a cicatrix, i c ; while 
in fig. 499, the gemmule, g, of Potamogeton perfoliatus, is covered by 
the single cotyledon, c. 

594. The gemmule as well as the cotyledon are sometimes obscurely 
seen. Thus, in Cuscuta (fig. 502), the embryo appears as an elon- 
gated axis without divisions ; and in Pekea 
butyrosa (fig. 503), the mass of the em- 
bryo is made up by the radicular extremity 
and tigelle, /, in a groove of which, $, the 
cotyledonary extremity lies embed ded, which, 
when separated, as in the figure, shows only 
very small cotyledons. In some monocotyle- 
donous embryos, as Orchidacecc, it requires 
a microscopic examination to detect the 



cotyledonary leaf. 

595. Monocotyledon on.s Embryo. — In this embryo, the single cotyle- 
don in general encloses the gemmule at its lower portion, and exhibits 
oil one side a small slit (fig. 504/), which indicates the edges of the 
vaginal, or sheathing portion of the cotyledonary leaf. The 
A embryo presents commonly a, cylindrical form, rounded at the 

■I extremities, or a more or less elongated ovoid (fig. 504). At 
flpl first sight there seems to be no distinction of parts; but on 
1 1 careful examination, by moistening the embryo, and making 
I I a vertical section, there will be detected, at a variable height, 
1 a small projecting mammilla, buried a little below the surface. 
J This I s the gemmule which marks the termination of the axis. 
ytm Prom the lower extremity proceeds the radicular portion (figs. 

499 t r, 504 r ), which may be said to represent both the tigelle 
504 and radicle. Tin' upper portion or chalazal end of the em- 
bryo, is the cotyledon (figs. 499, 504 c), which is sheathing at 
its base, so as to enclose the gemmule. The length of the radicular 
portion or that below the gemmule varies. It. is usually shorter than 
the cotyledon, and is denser in structure ; but in some instances it 
becomes much larger, giving rise to what has been called a macro- 
podous embryo (fiaxgbg, long, and croDc, a foot). Thus, in fig. 505, 
t represents the long radicular portion in the young state, whence 
ultimately the root, r, proceeds. Occasionally, the radicular portion 
becomes very thick and large, so as to form a considerable portion 
of the embryo ; and in all monocotyledons, it may be considered as 


Fig. 502. — Spiral embryo of Cuscuta or Dodder. 

Fig. 503.— Embryo of Pekea butyrosa. t, Thick tigelle or caulicule, forming nearly the whole 
mass, becoming narrowed and curved at its extremity, and applied to the groove, s. In the 
figure this narrowed portion is slightly separated from the groove, c, Two rudimentary 
cotyledons. 

Fig. 504. — Embryo of Triglochin Barreiieri. r, Radicle. /, Slit corresponding to the gem- 
nmle. c, Cotyledon. 
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an enlarged mammillary projection, whence the rootlets proceed by 
bursting through it, and carrying with them a covering or sheath 


(IT 127, fig* 124). 

590. When considering endogenous or 
monocotyledonous stems, it was shown that 
the leaves are produced singly and alter- 
nately, in a sheatliing manner, each em- 
bracing the subsequently developed bud. 
So it is in the monocotyledonous embryo. 
There is a single leaf or cotyledon pro- 
duced, and if in any instance there is more 
than one, it is alternate with the first 
formed. The cotyledon (fig. 504 c) is 
folded either partially, as in Dioscorea, or 
completely. Its sheathing portion (vagina) 
embraces the bud or gemmule, which 
appears as a mammillary projection ; its 
position being indicated by a cleft or slit 
(fig. 504/), where the edges of the sheath 
unite. All the portion of the embryo above 
the gemmule, is the cotyledon; all below, 
the radicle. 

597. Dicotyledonous Embryo. — The form 
of this embryo varies much ; and although 
sometimes resembling in its general aspect 
that of monocotyledons, yet it is always 
distinguished by a division taking place at 
the cotyledonary extremity, by which it is 
separated into two, more or less evident, 
lobes. The parts of this embryo are easily 
traced in the Bean, Pea, Acorn, and Almond. 
In the latter (lig. 500), the embryo has an 
oval form, consisting of two thick cotyle- 
dons, cc, and a radicle, r. When one of 
the cotyledons is removed (fig. 501), leaving 
scars, ic , the gemmule or plumule, < 7 , is 
seen included between them, with its cauli- 
cule or tigelle, t 

598. The cotyledons are not always, 
however, of the same size. Tims, in a 



species of Hirasa (fig. 506), one of them, c', is smaller than the other; 


and in Carapa guianensis (fig. 507), there appears to be only one, 


Fig. 505. — Monocotyledonous embryo of Zannichellia palustris germinating, m, Collum or 
nock, the point intermediate between the stem or tigelle, t, and the radicle or root r. c, Cotyle- 
don. y, Gemmule or plumule. 
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in consequence of the intimate union which takes place between 
the two, as indicated by the dotted line, c . The union between the 
cotyledonary leaves may continue after the young plant begins to 
germinate. Such embryos have been called pseudo-monocotyledonom 
false). When there are two cotyledons, they are opposite to 
each other. In some cases there are more than two present, and then 
they become verticillate. This occurs in Gonifera;, especially in the 
Fir (fig. 508), Spruce, and Larch, in winch six, nine, twelve, and even 
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fifteen have been observed. They are linear, and resemble in their 
form and mode of development the clustered or fasciculated leaves of 
the Larch. Plants having numerous cotyledons are occasionally deno- 
minated po hjcotjfhdm ous. Thus, the arrangement of the cotyledons 
follows the same law as that of the leaves in dicotyledonous or exogenous 
plants, being opposite 1 or verticillate according to the mode of formation 
of the axis. 

599. The texture of the cotyledons varies. They may be thick, as 
in the Bean, exhibiting only slight traces of venation, with their flat 
internal surfaces in contact, and their backs more or less convex ; or 
they may be in the form of thin and delicate laminae, flattened on both 
sides, and having distinct venation, as in lxicinus (fig. 50 9), Jatropha, 
Euonymus, &c. In the former case they are called fleshy , or seminal 
lobes; in the latter, fo Itaceo us } or seminal leaves. 

600. Cotyledons are usually entire and sessile. But they occasionally 
become lobed, as in the Walnut and the Lime (fig. 510), where the 
cotyledon, c, has five lobes; or petiolate, as in Geranium molle (fig. 
511 />); or auriculate, as in the Ash (fig. 512 o). Like leaves in the 
bud (see Vernation, % 184), cotyledons may be either applied directly 



Fig. 506. — Embryo of Hinea Salzmnnniana, cut vertically, t< allow the inequality of the two 
cotyledorus, one of which, c, forms almost the whole mass of the embryo, c', The small cotyle- 
don. g, Opmnmlo or plumule, r, Radicle. 

Fig' 507.— Embryo of Carapa gnianonsiB, cut vertically, to show the union of the cotyledons, 
the distinction between vdiich is only indicated by a faint line, \ r, Radicle. //, Geminule. 

Fig. 508. — Embryo of Fir. 1. Taken from the seed. ‘2. Begii riing to germinate, r , Radicle. 
c, Cotyledons, which are numerous; the plant being polycotyledonous. 
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to each other (fig. 509), or may be folded in various ways. In the 
Almond (fig. 500) they lie in the direction of the axis. In other cases 
they are folded laterally, conduplicate (fig. 513) ; or from apex to base. 



reclinate (fig. 205 a ) ; or rolled up laterally, so as partially to embrace 
each other, convolute (fig. 514); or rolled up like the young fronds of 
ferns, circulate (fig. 515). In these cases, both cotyledons follow the 
same direction in their foldings or convolutions; but, in other in- 
stances, they are folded in opposite directions, resembling the equitant 
(fig. 205 in) and semi-equitant (fig. 205 n) vernation. 

601. The radicle may be cither straight or curved, and, in particular 
instances, it gives a marked character to the seed. Thus, the divisions 
of the order Cruciferae tire founded on the relative position and folding 
of the radicle and cotyledons. In the division Pleurorliizece (crXeugoc, side, 
and g/Z a, root), the cotyledons are applied by their faces, and the 


Fig. 509. — Embryo of Ricinus communis taken out of the seed (see fig. 483), and cut trans- 
versely. The two halves are separated so as to show the two cotyledons, c, applied to each 
other, r, Radicle. 

Fig. 610. — Embryo of the Lime, r, Radicle, c, One of the divided or palmate cotyledons. 

Fig. 511.— Embryo of Geranium molle. r. Radicle, c. Cotyledons attached to the collar by 
a stalk or petiole, p. 

Fig. 512. — Embryo of the Ash. r, Radicle. <■, One of the cotyledons, o o, Auricular appen- 
dages to the cotyledon. 

Fig. 513.— Embryo of Brassica oleracca, Cabbage, r, Radicle, c, Cotyledon. 1. Entire 
embryo. 2. Embryo cut transversely, showing the cotyledons folded on the radicle or condu- 
plicate. The radicle, is dorsal, or on the back of tlie cotyledons. 

Fig. 514. — Embryo of Punica Granatum, Pomegranate, cut into two halves. The upper half 
removed to show tlie convolute cotyledons, r, Radicle. 

Fig. 515.— Circinatc embryo of Buuias orientals. 
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radicle (figs. 516, 517 r) is folded on their edges, so as to be lateral, 
while the cotyledons, c, are accumbent (accumbo, to lie at the side). In 
Notorhizece (vurov, back), the cotyledons (fig. 518 c) are applied to each 
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other by their laces, and the radicle, r, is folded on their back, so as 
to be dorsal, and the cotyledons are incumbent ( incumbo , to lie upon or 
< >n the back). In Orthoploceai (ogObg, straight, and xXonog, a plait), the 
cotyledons are condnplicate (fig. 513, 1, 2, c), while the radicle, r, is 
dorsal, and enclosed between their folds. In other divisions, the radicle 
is folded in a spiral manner (fig. 515), and the cotyledons follow the 
same course, in the Dodder (fig. 502), the embryo appears as an 
axis without divisions, having several turns of the spiral on different 
planes. 

602. The seed sometimes is composed of the embryo and integu- 
ments alone, the former being either straight or folded in various ways, 
as already shown. In other eases, there is an addition of perisperm or 
nutritive matter, in greater or less quantity, according to the state of 
development which the embryo attains (figs. 492, 403, 404). When 
the embryo is surrounded by the perisperm on all sides except its 
radicuhir extremity (fig. 404), it becomes internal or intrarius ( intra , 
within) ; when lying outside the perisperm, and only coming into con- 
tact with it at certain points, it is external or extrarius (extra, without). 
When the embryo follows the direction of the axis of the seed, it is 
axile or axial, and it may be either external, so as to come into contact 
with the perisperm only by its cotyledonary apex (fig. 519), or internal 
(figs. 492, 403, 494). In the latter case, the radicular extremity may, 
as in some Conifers, become incorporated with the perisperm appa- 
rently by means of a thickened suspensor. When the embryo is not 
in the direction of the axis, it becomes abaxile or abaxial (fig. 520 e) ; 

FIr, 516.— Embryo of a Pea, cut transversely. Upper half separated to show the fleshy accum- 
bont cotyledons, c. r, Radicle applied laterally. 

Fig. 517,— Embryo of I satis tinctoria. e, Accumbent cotyledons, r, Radicle. 1. Embryo 
entire. 2. Transverse section of the embryo. 

Fig. 518.— Embryo of Cheirantbns Cheiri, Wallflower, c, Incumbent cotyledons, r, Radicle. 

1. Embryo entire. 2. Transverse section ot the embryo. 
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and in this case it may be either straight or curved (fig. 521), intern aJ 
or external. In the straight seed of Grasses, the perisperm is abun- 
dant, and the embryo lies at a point on its surface, immediately below 



519 520 521 522 


the integuments, being straight and external. In Campylotropous 
ovules, the embryo is curved, and in place of being imbedded in peri- 
sperm, is frequently external to it, following the concavity of the seed 
(fig. 522), and becoming pcriphcrical (mg/pegu, to carry round), with 
the chalaza situated in the curvature of the embryo. 

G03. It has been already stated, that the radicle of the embryo is 
directed to the micropyle, and the cotyledons to the chalaza. In some 
cases, by the growth of the integuments, the former is turned round 
so as not to correspond with the apex of the nucleus, and then the 
embryo has the radicle directed to one side, and is called excmtric , as 
is seen in Primulaceo*, Plantaginacese, and many Palms, especially the 
Date (fig. 520). The position of the embryo in different kinds of seeds 
varies. In all cases the radicle or base of the embryo points more or 
less directly to the micropyle, while the cotyledonary extremity is 
directed towards the chalaza. In an orthotropal seed, then, the em- 
bryo is inverted or autitropal (avn\ opposite, to turn), the radicle 

pointing to the apex of the seed, or to the part opposite the hilum 
(fig. 521). Thus, fig. 523 represents an orthotropal seed of Sterculia 
Balanglias, attached to the pericarp, p c, by the funiculus, f The 
chalaza and hilum are confounded together at cA, the micropyle being 
at the opposite end. The integuments of the seed, t , cover the embryo 
with its perisperm, ps ; the cotyledons, e, point to the hilum and 
chalaza ; while the radicle, r, points to the micropyle, and the embryo is 


Fig. 619. — Grain of Carex depauporata, cut vertically, t } Integuments, p, Perisperm. 
e, Embryo. 

Fig. 620. — Seed or kernel of the Date, p, Perisperm or homy albumen, e, Embryo. 1. En- 
tire seed. 2. Seed cut transversely at the point where the embryo, e, is situated. 

Fig. 621.— Winged fruit of Ruinex, cut vertically, to show the abaxile or abaxial slightly 
curved embryo. 

Fig. 622. — Carpel of Mirabilis .Talapa, cut vertically, with the seed which it contains, a, Peri- 
carp crowned with the remains of the style, s. t, Integuments of the Heed or spermodenn. 
e, Peripherical embryo with its radicle, r, and its cotyledons, c. p, Perisperm or albumen 
surrounded by the embryo. 

T 
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thus reversed or inverted. Again, in an anatropal seed (figs. 493, 494), 
where the mieropyle is close to the hilum, and the chalaza at the oppo- 
site extremity, the embryo 
is erect or homotropal 
(o/to/og, like, and rgsirw, to 
turn), the radicle or base 
of the embryo being di- 
rected to the base of the 
seed. In some anatropal 
ovules, as in Castor oil 
(fig. 483), the exostome 
is thickened or carimeu- 
late, c, and the endostome 
does not correspond exactly to it, so that the radicle, e r, of the embryo 
is directed to a point a little removed from the exostome. In curved or 
campy lotropal seeds (fig. 419), the embryo is folded so that its radicular 
and cotyledonary extremities are approximated, and it becomes <m- 
phitropal (a,up/ ? around, and rgscrw, to turn). In this instance the seed 
may be ex albuminous, and the embryo may be folded on itself (fig, 524); 
or albuminous, the embryo surrounding more or less completely the. 
perisperm, and being peripherical (fig. 522). In fig. 524, the seed of 
Erysimum cheiranthoides is shown, with the chalaza, c //,, 
and the hilum, h , nearly confounded together, the micro- 
pyle, m, the embryo occupying the entire seed, with the 
radicle, r, folded on the cotyledons, c, which enclose the 
phimule, (j. dints, by determining the position of the 
hilum, chalaza, and mieropyle, the direction of the embryo 
may be known. 

004. According to the mode in which the seed is al- 
tached to the pericarp, the radicle may be directed up- 
wards, or downwards, or laterally, as regards the ovary. 
In an orthotropal ovule attached to the base of the peri- 
carp, it is superior (fig. 521). So also in a suspended 
625 anatropal ovule, as in fig. 483. In other anatropal ovules, 
as in figs. 492, 504, 525, the radicle is inferior. Wien the ovule is 
horizontal as regards the pericarp, (fig. 523), the radicle, r, is either 



Fig. 523,— Orthotropal seed of Sterculia Balanghas, cut longitudinally, with the portion of the 
pericarp, p to which it is attached. /, Funiculus, eft, Chalaza and hilum confounded together. 
t , Integuments of the seed, or spertnoderm. p s , Perispenn, the summit of which only is seen, 
e, One of the cotyledons. The other cotyledon lias been removed to show* the gem mule, y. r, 
Radicle which is directed to the foramen at the apex of the seed. The embrjm is antitropal or 
inverted. 

Fig, 524.— Campylotropal seed of Erysimum cheiranthoides, cut longitudinally, Mieropyle. 
ch, Chalaza not far removed from the hilum, fi. f, Testa or episperm, ini, Inner covering of 
the seed or endopleura. r, Radicle, c, Cotyledons, y, Gemmule. The embryo is curved or 
amphitropal. 

Fig. 525.— Vertical section of the carpel of Trtglochin Barrolieri. p, Pericarp crowned by 
the sessile stigma, s. < 7 , Seed, f Funiculus, r, Raphe, c, Chalaza. 
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centrifugal, when it points to the outer wall of the ovary; or centripetal, 
when it points to the axis or inner wall of the ovary. 

9 . — FUNCTIONS OF TIIE SEED. 

G05. The seed contains the embryo or germ, which, when placed in 
favourable circumstances, is developed as a new plant. The embryo 
is usually of a whitish or pale colour, resembling the perisperm when 
present, and sometimes scarcely distinguishable from it at first sight. 
Occasionally, however, it is of a greenish or yellow hue. Instances 
of this occur in the perispermic or albuminous seed of Euonymus, and 
the apempermic or exalbumin ous seeds of most Cruciferaj. The changes 
which take place in the composition of the seed, and in its coats, are 
with the view of protecting the embryo from vicissitudes of tempera- 
ture, moisture, &c., and of laying up a store of nourishment for its 
after growth. The coats become thickened and hardened by the 
deposition of lignine; and in its interior, starch, nitrogenous compounds, 
phosphates, and sulphates, besides oily and kitty matters, various 
organic acids, tannin, and resins, are found. The specific gravity of 
the seed is much increased, so that it usually sinks in water, and it 
becomes more capable of resisting decomposition, and preserving the 
vitality of the embryo. 

GOG. When seeds are matured, they are detached from the plant in 
various ways. They separate from the funiculus at the hilum, and 
remain free in the cavity of the pericarp, which either kills along with 
them, or opens in various ways so as to scatter them. The elasticity 
with which some seed-vessels open during the process of desiccation is 
very great. It may be seen in Hura crepitans, Common Broom, and 
Cardamine. In the Geranium (fig. 4f>f>), the seed-vessels are coiled 
upwards on the elongated beak, and in this way the seeds are dropped. 
In the succulent fruit of Momordiea Elaterium, or squirting Cucum- 
ber, the cells vary in their size and contents in different parts ; some 
containing thick matter become distended at the expense of others 
with thinner contents, and the force of endosmose ultimately causes 
rupture of the valves at their weakest point, viz., where, they are 
united to the peduncle. When this takes place, the elasticity of the 
valves sends out the seeds and fluid contents with great force through 
the opening left by the separation of the peduncle. In the Impatiens 
or Balsam, the seed-vessel opens with force by a similar process, the 
five valves curving inwards in a spiral manner, in consequence of 
the distension of the outer large cells. The seeds are discharged be- 
fore they are dry. In the case of Mignonette (fig. 479), the seed- 
vessel opens early, so as to expose the seeds ; and in Cuphea, the 
placenta pierces the ovary and floral coverings early, so as to render the 
seeds naked. 
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607. Wind, water, animals, and man, are instrumental in the dis- 
semination of seeds. Some seeds, as those of Mahogany, Bignonia, 
Tecoma, Pine, Asclepias, Epilobium, and the Cotton plant, have winged 
or featheiy appendages, by means of which they are wafted to a dis- 
tance. The same thing occurs in some indeliiseont seed-vessels, as the 
samara of the Sycamore and Ash, and the achscnia of Dandelion, 
Thistles, &c. Moisture, as well as dryness, operates in the bursting of 
seed-vessels. The pod of the Anastatica, or Rose of Jericho, and the 
capsule of some Mesembryanthemums, exhibit the effects of moisture 
in a remarkable degree. Animals, by feeding on fleshy fruits, the 
kernels of which resist the action of the juice of the stomach, dis- 
seminate seeds ; and man lias been the means of transporting seeds 
from one country to another. In some cases, the pericarps ripen their 
seeds under ground, and are called hypocarpogean (vno, under, 

fruit, and ysa, earth). This is seen in the Arachis hypogiva, or Ground- 
nut. Others, as Vicia amphicarpos, have both aerial and subter- 
ranean fruit. Many seeds are used for food by animals, and a great 
destruction of them takes place from decay ; but this is compensated 
lor by the vast number produced, so as to secure the continuance of 
the species. The quantity of seeds produced by many plants is very 
great. In single capsules of Poppy and Tobacco, upwards of 40,000 
have been counted. 

608. (termination. — The act by which the embryo of* a seed leaves 
its state of torpidity, and becomes developed as a new plant, is called 
germination ( germinatio , springing). In order that this process may go 
on, a certain combination of circumstances is necessary. The chief 
requisites are moisture, air, and a certain temperature. Exclusion 
from light is also beneficial. 

609. Moisture is necessary in order that the nutritive matters may 
be taken up in a state of solution, and that certain changes may take 
place in the seed. Dry seeds will not germinate. The quantity of 
water absorbed by seeds is often very large. Deeandolle found that 
a French bean, weighing 544 milligrammes, absorbed 756 of water. 
The swelling of peas by absorption of water is familiar to all. The 
kernels or seeds by this means are enabled to burst their stony coverings. 

610. The temperature required for germination varies in different 
seeds. Some demand a tropical heat, others are satisfied with the 
warmth of our spring. In general, the requisite temperature may be 
said to vary from 60° to 80° F. Some seeds can bear a temperature 
which would kill others. Some have been known to germinate after 
exposure for a short time to the heat of boiling syrup ; others after 
exposure to a cold of — 39° F. Many plants grow in the immediate 
vicinity of very hot springs, others in cold regions. Edwards and 
Colin, from their experiments, were led to fix 95° F, as the highest 
limit of prolonged temperature which cereal grains can bear in water ; 
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and 113° F. as the highest they can bear in sand or earth. Wheat, 
Oats, and Barley, arc said to thrive in any country where the mean 
temperature exceeds 65° F. The spores of certain cryptogamic plants 
are especially fitted for cold countries. Edwards and Colin found that 
seeds in a dry air boA a higher temperature than in water or steam. 

Old. Air, or rather oxygen, was shown by Schecle to be necessary 
for germination. Seeds deeply buried in the soil, and excluded from 
air, do not spring. The deptli at which seeds should be sown, varies 
from half an inch to two inches, according to the nature of the soil. 
The following experiments were made by Petri : — 


Seed sown to the 

Came above ground 

No. of plants that 

depth of 

in 

came up. 

J inch 


7- 8t,hs. 

1 — ........... 

12 — 

all. 

0 

18 — 


3 *— 

20 — 


4 — 

....21 — 


5 — 

‘I'l 

3-8ths. 

6 — 

23 — 

1 -8th. 


Shallow sowing is thus proved to be the best. 

612. Seeds, when buried dee]) in the soil, sometimes lie dormant 
for a long time, and only germinate when the air is admitted by 
the process of subsoil ploughing, or other agricultural operations. 
When ground is turned up for the first time, it is common to see a 
crop of white clover and other plants spring up, which had not been 
previously seen in the locality. After the great fire in London, plants 
sprung up, the seeds of which must have long lain dormant; and the 
same thing is observed after the burning of forests, and the draining 
of marshes. Gardner says that the name capoeira is given in Brazil, 
to the trees which spring up after the burning of the virgin forests 
(mates virgens and capoes), and that they are always very distinct 
from those which constituted the original vegetation. Mr. Vernon 
Ilarcourt mentions a case where turnip seeds lay in a dormant state 
for seven or eight years, in consequence of being carried down to a 
great depth in the soil. On the Caltou Hill, at Edinburgh, when 
new soil was turned up some years ago for building, a large crop of 
Fumaria micrantha sprung up; and seeds gathered from under six 
feet of peat-moss in Stirlingshire have been known to germinate. Mr. 
Kemp mentions the germination of seeds found at the bottom of a 
sand-pit 25 feet deep, which he concludes, from various circumstances, 
to have been deposited more than 2000 years ago. The seeds were 
farinaceous, belonging to the natural order Polygonaceai. A weak 
solution of chlorine is said to accelerate germination, probably by the 
decomposition of water, and the liberation of oxygen. 

613. Darkness is favourable to germination. Seeds germinate best 
when excluded from light. M. Boitard showed this by experiments 
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on Auricula seeds, some of which were covered by a transparent bell- 
jar, others by a jar of ground glass, and a third set by a jar enveloped 
in black cloth. The last germinated most rapidly. Mr. Hunt says 
that the luminous or light- giving rays, and those nearest the yellow, 
have a marked effect in impeding germination ; the red or heat-giving 
rays are favourable to the process, if abundance of water is present ; 
while the blue rays, or those concerned in chemical action or actinism , 
accelerate the process and cause rapid growth. His experiments were 
performed by making the sun’s rays pass through different kinds of 
coloured glass. He believes that the scorching effect of the sun on 
leaves may be prevented by the use of blue glass, and that a high 
temperature might be obtained by red glass. He has suggested a 
pale-green glass made with oxide of copper, as that best fitted lor con- 
servatories. By this means he expects that the scorching rays of 
light will be excluded, while no hiuderance is given to the passage of 
the others; the green colour being a compound of yellow or luminous, 
and of blue or chemical rays. A delicate emerald-green glass has 
been employed lately at his suggestion, in glazing the large Palm- 
house at Kew. 

614. Some have said that electricity prevents germination, but facts 
are wanting to confirm this. The experiments of Dr. Fyfe,* Mechi, 
Coventry, and others, have shown that the statements made in regard 
to the efficacy of electro-culture are erroneous. 

615. In order that plants may germinate vigorously, moisture, heat, 
and air must be supplied in due proportion. If any of them are de- 
ficient, or in excess, injury may be done. It is of great importance, 
therefore, in agricultural operations, that the ground should be well 
pulverized, the seeds regularly sown at a proper and equal depth, and 
the soil drained. Pulverized soil, when examined, is found to consist 
of* small particles, having cavities in their interior, and separated from 
each other by interstitial spaces. In a very dry soil, all these cavities 
are full of air ; in a very wet un drained soil, they are full of moisture; 
while in a perfectly drained soil, the interstices are full of air, while 
the particles themselves are moist. The seed in such a soil is under 
the influence of heat, air, and moisture, and is excluded from light. 
Hence it is in very favourable circumstances for germination. Frost 
has an important effect in pulverizing the soil, by the expansion of the 
water contained in the particles, when it is converted into ice. Snow, 
again, acts in giving a covering to the young plant, protecting it from 
intense frost and sudden alternations of temperature, and by its slow 
melting allows the plant to accommodate itself to the mild atmosphere. 
Snow contains often much oxygen. 

616. If a field is not equally planted, the seeds will sink to different 
depths, and will spring up very irregularly. The seeds should be 

* See Trans, of Soc. of Arts, vol. iii. part ii. p. 109. 
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placed at a depth not greater than two inches. Draining acts not 
merely in removing superfluous moisture, but in allowing a constant 
renewal of nutritive matter, more especially of ammonia and carbonic 
acid from the atmosphere, in giving a supply of air, and in keeping 
up a proper temperature in the soil. In an undraiiied soil the water 
is stagnant, and there is little supply of fresh nutriment, and much 
cold is produced. Of late there has been a discussion as to whether 
shallow or detip draining is the best. Much depends on the nature of 
the soil, and it is impossible to lay down any fixed rule applicable to 
all cases. Mr. Smith says that drains in very stiff soils should be 
fifteen feet apart, and in very light soils thirty or forty ; the depth 
being from thirty to thirty-six inches, and the main drains six inches 
deeper than the parallel ones. In extremely stiff* clays, he makes 
drains two and a half feet deep. He was the first to advocate the 
system of parallel drains, or what is called thorough-draining. 

G17. Vitality of Seeds. — Some seeds lose their vitality soon, others 
retain it for a long time. Coffee seeds, in order to grow, require to be 
sown immediately after ripening. On the other hand, Melon seeds have 
been known to retain their vitality for upwards of forty years, and those 
of the Sensitive plant for more than sixty years. Oily seeds, in general, 
lose their vitality quickly, probably from their power of absorbing oxy- 
gen, and the chemical changes thus induced. Considerable discussions 
have taken place as to the length of time during which seeds will retain 
their germinating powers. Lindley mentions a case in which young 
plants were raised from seeds found in an ancient barrow in Devon- 
shire, along with some coins of the Emperor Hadrian ; and M. des 
Moulins relates ail instance of seeds capable of germinating, which 
were discovered in a Roman tomb, supposed to be fifteen or sixteen 
centuries old. In these instances, it is to be remarked, that the seeds 
were protected from the influences required for growth, and were pre- 
served in circumstances which cannot be easily imitated. There seems 
to be great doubts as to the seeds found in the catacombs of Egypt, 
and in mummy cases, having actually produced living plants. The 
statements relative to Mummy Wheat are not fully confirmed, and 
there are many sources of fallacy. 

€18. With the view of preserving seeds, it is of important, uiar 
they should be thoroughly ripened, kept, in a uniform temperature, 
and in a dry state, and not directly exposed to the oxygen of the air. 
They are often best kept in their seed-vessels. The hard coverings of 
many foreign legumes, and of the cones of Firs, &c., seem to he of im- 
portance in preserving the germinating power of seeds. Seeds not 
fully ripened are very apt to decay, and are easily affected by moisture. 
Seeds, although fit for food, may have lost their germinating power. 
Com, pulse, and farinaceous seeds generally, will live for a long time 
if gathered ripe, and preserved quite dry. In sending seeds from 
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foreign countries, they should be put into dry papers, and exposed to 
free ventilation in a cool place ; as, for instance, in a coarse bag sus- 
pended in a cabin. Oily seeds, and those containing much tannin, as 
beech-mast, acorns, and nuts, must not only be ripe and dry, but also 
must be excluded from the air. When transported, they are often put 
into dry earth and sand, and pressed hard, or preserved in charcoal 
powder, the whole being covered with tin, and put into a stout box. 
Some have suggested their preservation in hermetically-sealed bottles 
full of carbonic acid gas. Seeds enveloped in wax sent from India 
germinated well. They had been kept for three months, and were 
quite firm and fresh. They did not sprout for a month, but afterwards 
grew strong and healthy. Seeds sent in cotton and brown paper had 
grown considerably in their transit, and, when potted, grew fast, but 
soon displayed symptoms of debility. Spanish chestnuts and filberts 
have been sent enveloped in wax to the Himalayahs, and are now T 
growing there. Cuttings of fruit trees, with their ends enveloped in 
wax, were also sent, and arrived in a living state. In this way also, 
apples, pears, and plums have been sent. 

619. M. Alphonse Decandolle made experiments on the vitality of 
seeds. He took 368 species of seed, fifteen years old, collected in the 
same garden, and sowed them at the same time, and in the same 
circumstances as nearly as possible. Of the 368, only seventeen ger- 
minated, and comparatively few of the species came up. The following 
are the results : — 


Malvaceae 


came up 

out of.. 

...10 species. 

Per cent. 

....0*50 

Leguminosre 

9 


— .. 

...45 — . 

....0*20 

Labiafcte 

1 

— 

— .. 

...30 — . 

....0*03 

Scrophulariaceic 

0 

— 

— .. 

...10 — . 

....0*00 

Umbelltfera'. 

0 

— 

— .. 

...10 — . 

....000 

Caryophyllaceu? 

0 

— 

— .. 

...1G — . 

....0*00 

Gramincai 

0 

— 

— 

...32 — . 

....000 

Crucifers 

0 

— 

— .. 

...34 - . 

....000 

Composite 

0 

— 

— .. 

...45 — . 

....0*00 


In 357 species, of- which the duration of life was known, the results were : 


Annuals 


...180 species.. 

Per cent. 
....50 

Biennials 

0 — — ... 

.... 28 - .. 

....0*0 

Perennials 

4 — — ... 

,...105 — .. 

....3*8 

Ligneous 

3 — — ... 

.... 44 — .. 

....6*7 


— 

— 




1G 

357 

4*4 

may be thus given — 

Monocarpio. 


...208 species.. 

Per cent. 
....43 

Polycarpic* 


...149 — .. 

....4*7 


— 

■ 




26 

357 

4*4 

* For an explanation of these terms, see % 634. 




CHANGES IN THE SEED DURING GERMINATION. 


297 


620. Woody species thus seem to preserve the power of germinat- 
ing longer than others, wliile biennials are at the opposite end of the 
scale ; perennials would appear to lose their vitality sooner than an- 
nuals. Large seeds were found to retain the germinating power longer 
than small ones, and the presence or absence of separate albumen or 
perisperm did not seem to make any difference. Composite and Um- 
belliferae lost their germinating power very early. From these experi- 
ments, Decandolle concludes that the duration of vitality is frequently 
in an inverse proportion to the rapidity of the germination. This 
subject is now being investigated by a committee of the British Asso- 
ciation, under the direction of Professor Daubeny. 

621. Chemical changes daring Germination. — During the process of 
germination, certain changes take place in the contents of the seed, by 
which they are rendered fit for the nourishment of the embryo. In 
exalbuminous or aperispermic seeds, where the embryo alone occupies 
the interior, these changes are effected principally in the matters stored 
up in the cotyledons. In albuminous or perispermic seeds, on the 
other hand, the changes occur in the substance of the perispenn. One 
of the most remarkable of* these changes is the conversion of starch into 
dextrine and grape sugar by a process of oxidation, the object being 
the conversion of an insoluble into a soluble substance. A nitrogenous 
compound, called Diastase olO), is developed during germination, 
and is said to act on the starch. This diastase may be probably a por- 
tion of gluten passing into a state of decomposition, and acting as a 
ferment. The change of starch into dextrine and sugar is referred 
by chemists to catalytic action, or the action of contact, and to the 
influence exercised by diastase and other matters in making a new 
arrangement of the molecules. While this conversion of starch into 
sugar proceeds, oxygen is absorbed, carbonic acid is given off, and 
heat is produced. These phenomena are well seen in the malting of 
barley, fllie changes produced in the air by germinating seeds have 
been investigated by Saussure, who showed that in all cases carbonic 
acid was evolved at the expense of the carbon of the seed. 

622. When all the requisites for germination are supplied, the seed, 
by the absorption of moisture, becomes softened and swollen. When 
albumen or the perisperm is present, it undergoes certain chemical 
changes by the action of the air and water, so as to be rendered fit for 
the nutrition of the embryo. These changes consist partly in the con- 
version of starch into sugar, and are accompanied with the evolution 
of carbonic acid, and the production of heat. As the fluid matters are 
absorbed by the cells of the embryo, the latter continues to increase 
until it fills the cavity of the seed, and ultimately hursts through the 
softened integuments. In cases where there is no perisperm, the exal- 
buminous embryo occupies the entire seed, and the process of germi- 
nation goes on with greater rapidity. The embryo speedily swells, 
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ruptures the integument, and is nourished at the expense of the 
cotyledons, which arc often fleshy, containing much starchy matter, as 
in the Bean and Pea, along with oily matter, as in the Nut and Rape 
seed. There arc thus two stages of germination — that in which the 
embryo undergoes certain changes within the seed itself, and that in 
which it protrudes through the integuments and becomes an indepen- 
dent plant. 

023. The embryo then, nourished at the expense of its perisperm 
and cotyledons, continues to grow, and usually protrudes its radicular 
extremity (fig. 520, 1) in the first instance, which is nearest the sur- 
face, and next the micropyle. This, which in the embryo is very short, 
and confounded with the' eauliculus so as to form the first internode, 
becomes thickened by addition to its extremity (tig. 520, 2), and the 
division between the ascending and descending axis becomes more 
marked. The cauliculc or axis also elongates, bearing at its summit 
the plumule, which now appears outside the integuments (fig. 520, 3, 

g\ forming the second in tern ode, either 
accompanied by the cotyledons, or 
* leaving them still within the seed coats. 

In the latter case, the cotyledons are 
r *11 usually fleshy and of a pale colour, 
rjf and become gradually absorbed like 
W the perisperm. In the former they 
assume a more or less leafy aspect, 
exercising the functions of leaves for a 
certain period, and ultimately decaying. While the radicle descends 
towards the centre of the earth, producing roots of a pale colour, the 
plumule 1ms a tendency to ascend, forming the leafy axis, and assum- 
ing a green colour under the influence of light and air. 

324. Direct loti of Plumule ami Radicle. — Various attempts have been 
made to explain the ascent of the plumule, and the descent of the radicle, 
but none of them are satisfactory. Physiologists have not been able 
to detect any law to which they can refer the phenomena, although cer- 
tain agencies are obviously concerned in the effects. Some have said 
that the root is especially influenced by the attraction of t he earth, while 
the stem is influenced by light. Experiments have shown that the 
direction of the root is not owing to the moisture of the soil, and that 
the ascent of the stem is not due to the action of light and air ; for roots 
descend, and stems ascend, even when the latter are placed in contact 
with the earth, and the former submitted to the action of light. Knight 



embryo are further disengaged from the covering, the summit of the cotyledons only being 
retained by the spermoderm. 3, Third stage : whore the embryo is entirely disengaged from 
the envelope or spermoderm, and the cotyledons, cc, are separated so as to exhibit the plumule, y. 
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thinks that the direction of stem and roots may be traced to the state of 
the tissues. When a branch is horizontal, the fluids gravitate towards 
the lower side ; a vigorous growth takes place there ; the tissues enlarge, 
and, by increasing more than those on the upper side, an incurvation 
is produced, the convexity of which looks downwards, and thus the 
extremity of the branch is directed upwards. Again, in the root the 
increase takes place by the extremity, and the fluids by their gravity 
cause this to retain always a descending direction. A similar explana- 
tion is given by Dodart. JDutrochet refers the phenomena to endos- 
moso, which varies in its effects according to the comparative size of 
the cells in the centre and circumference of an axis. In young stems 
with large pith, the central cells are larger, and they diminish towards 
the circumference ; whereas in roots, according to him, the diminution 
takes place in the reverse manner. Large*, cells distend more rapidly 
than small ones; and, according to their position in the axis, will thus 
cause curvature outwards or inwards, the largest occupying the con- 
vexity of the arch, the smallest the* concavity. When a branch or root 
is laid horizontally, the force of endosmose is weakened on the lower 
side, mid, consequently, will cease to neutralize the tendency to incur- 
vation on the upper side, which will therefore be directed cither up- 
wards or downwards, according to the position of its layers of small 
cells, — in the case of a branch with large central cells, curving upwards ; 
and in the case of a root with larger hemispherical cells, downwards. 

These explanations do not appear, however, to be altogether 
satisfactory. It is known that the stem is directed upwards, the root 
downwards, but, as yet, physiologists have not been able to ascertain 
the laws which regulate them. The tendencies of the root and stem 
are not easily counteracted. When a seed is planted in moist earth, 
and suspended in the air, the root will, in the progress of growth, leave 
the earth and descend into the air in a perpendicular direction, while 
the stem will pass through a quantity of moist earth in an upward 
direction. If their positions are reversed they will become twisted, so 
as to recover their natural positions. 

626. The effect of light on the stem may be illustrated by the 
growth of plants in circumstances where a pencil of light only is 
admitted on one side. Experiments on this subject have been made 
by Payer, Putrochet, and Gardner. They consider the blue rays as 
those which have the greatest effect on the plumule. Hunter observed, 
that if a barrel filled with earth, in the centre of which are some 
beans, be rotated for several days horizontally, the roots pointed in a 
direction parallel to the axis of rotation. Knight* put MiLstard seeds 
and French beans on the circiunference of two wheels, which were 
put in rapid motion, the one in a horizontal, and the other in a vertical 
manner ; and he found that, in the former, the roots took a direction 

* See Knight's Horticultural Papers, London, 1841, p. 124. 
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intermediate between that impressed by gravitation and by the centri- 
fugal force, viz., downwards and outwards ; while the stems were 
inclined upwards and inwards. In the latter, where the force of gravi- 
tation was neutralized by the constant change of position, the centri- 
fugal force acted alone, by which the roots were directed outwards, at 
the same time that the stem grew inwards. To explain these results, 
there must bo allowed — 1. A more or less liquid condition of the new 
parts of the young plant. 2. A different density in the different parts 
of the latter. 3. A tendency of the denser parts of new plants, during 
germination, towards the root. On the vertical wheel, the parts of the 
young plants submitted to the centrifugal force only, had their roots 
or densest parts at the circumference. On the horizontal, the effect 
was intermediate between centrifugal force and gravity. The upper 
side of leaves is under the influence of light in a marked degree, 
for, when placed in the reverse position by the turning of a branch, 
they twist round so as to resume their natural exposure. During 
darkness, on the contrary, many leaves fold in such a way that their 
lower surface is exposed. Some plants grow indifferently in all direc- 
tions at the period of germination. The Mistleto and other parasites 
direct their radicles towards the centre of the tree or plants to which 
they are attached, while the plumule grows perpendicularly to the 
surface. 

(>27. Monoeotyledonous termination. — In Monocotyledons, there is 
generally a perisperm present, often in large quantity, and in them 
the cotyledon remains more or less within the seed at the period of 
germination. The intra-seminal portion of the cotyledons, as in Canna, 
and especially in the Coco-nut, becomes developed as a pale cellular 
mass, which increases much, and absorbs the nutriment required for 
the embryo. In some Monocotyledons the perisperm disappears en- 
tirely ; in others, as in the Phytelephas or Ivory Palm, while certain 
soluble matters are removed, the perisperm still retains its original 
form. The intra-seminal part may be said to correspond to the limb 
or lamina of the cotyledonary leaf. The extra-seminal portion, corre- 
sponding to the petiole, becomes often much elongated, as in the 
double Coco-nut, and ends in a sheath which envelopes the axis or 
cauliculus, and the plumule. Sometimes, however, there is no marked 
elongation of the cotyledon, the sheath being at once formed on the 
outside of the seed, so that the plumule and radicle are, as it were, 
sessile on its surface. These phenomena are well seen in Canna 
indica (fig. 527), where e is the envelope of the seed ; p the perisperm 
or albumen; c the intra-seminal portion of the cotyledon, which 
absorbs the nourishment ; p c the petiolary or extra-seminal portion 
of the cotyledon, which varies in length, and may be wanting ; v the 
sheathing portion of the cotyledon, from a slit in which, f the plumule, 
< 7 , protrudes, supported on the axis or cauliculus, t ; while the radicles, 
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r and r', pierce the integument at the base, and are each covered with 
a separate sheath, c 0, called coleorhiza (fig. 124). In aperispermic 
Monocotyledons, as Alismacese and Potamese (fig. 505), the cotyledon 
does not remain within the seed, but is raised above the ground, c, 
giving origin to the plumule, <7, which is at first enclosed in its sheath. 



1 2 3 


527 

628. Thus the cotyledon follows the development of leaves. Its 
limb is first produced, and is either pushed above ground, or is con- 
fined within the seed. In the latter case it is arrested in its progress ; 
subsequently, a sheath is formed which may either be a direct con- 
tinuation of the limb, or may be separated from it by a petiolary 
portion. When the limb is confined in the seed, and ceases to be 
developed, the sheath often continues to grow, forming a marked 
covering of the axis. The roots in Monocotyledons during germina- 
tion (fig. 124 /"/•), pierce the radicular extremity of the embryo, and 
become covered with sheaths or coleorhizas, e r, formed by a super- 
ficial layer of cellular tissue. As the radicular extremity thus remains 
within the embryo, and sends out radicles from its surface, the plants are 
said to be ciulorldzal (svbov, within, and a root). See % 127. 

629. Dicotyledonous termination. — In Dicotyledons, the cotyledons 
generally separate from the integuments, and either appear above 
ground in the form of temporary leaves (figs. 528, 529 c c), which differ 
in form from the permanent leaves of the plant (fig. 529//), or remain 
below as fleshy lobes. In the former case they are ipiyeal (sav', upon or 
above, and ys«, the earth) ; in the latter case (as in Beans, Araehis, 
<fcc.), they arc hfpogcal (6^0, under). The cotyledons usually separate, 
but sometimes they are united, and appear as one. In all cases, the 

Fig. 527. — Germination of the monocot, yledonous perispermic seed of Canna indica, The seed 
is cut to show the relation between the peri sperm and tiie embryo at different stages, the for- 
mer diminishing, while the latter increases, r, Envelope or spcrmodenn. o, Its upper part, 
which is separated like a lid or operculum, to allow the passage of the radicle, p, Peri sperm or 
albumen, c, Cotyledon, r, Radicle or young root, r r\ Secondary radicles, c o, Coleorhiza or 
sheath of the roots, /, Slit indicating the position of the gemmule ; at this slit an elongated 
sheath, v, is protruded, pc, Narrow portion of the cotyledou (corresponding to the petiolary 
portion), intermediate between its enlarged portion, c (corresponding to the lamina or limb of 
the leaf), and Its sheathing or vaginal portion, v. t, TigcUus or caulicnlus. tj, Gemmule or 
plumule. 1. First stage, in which the radicle, r, begins to appear through the integuments or 
sperraoderm. 2. Second stage, where the slit,/, is seen also on the outer surface, indicating the 
situation of the gemmule. The true radicle, r, has pierced the envelope of the seed, and at its 
base shows a small sheath or coleorhiza. One of the small radicles. r\ is also seen w r ith a coleo- 
rhiza. 3. Third stage, when all the parts are more developed, and the gemmule, tj, appears on 
the outside of the slit,/, the edges of which are prolonged in the form of a sheath or vagina, v. 
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plumule (figs. 528, 529 g) proceeds from between the two cotyledons, 
and does not pierce through a sheath as in monocotyledons. The 
root (fig. 528 r) is a direct prolongation of the axis, tf, in a downward 



direction, separating from it at the collar, w, and the embryo is here 
exorhizal (ggw, outwards). See f 120. 

In Acotyledons, the spore (fig. 530) has no separate embryo in its 
interior, but germinates from any part of the surface ; lienee it is called 
heterorhizal (srsgo$, diverse). See *[\ 128. The spore may be considered 
as a cellular embryo rather than a seed. 

630. Some seeds commence the process of germination before being 
detached from the plant. This occurs in a remarkable degree in the 
Mangrove trees, or Iihizophoras, which grow at the muddy mouths of 
rivers in warm climates. Coco-nuts often begin to germinate during 
a voyage from the tropics to Britain, and germinating seeds have 


‘ollar or 
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been found in the interior of Gourds, as well as the fruit of Carica 
Papaya, the Papaw. 

631. Proliferous Plants. — In place of seeds, some plants produce 
buds which can be detached and produce separate individuals. Flowers 
which are thus changed into separable buds, are called proliferous 
(proles, offspring, and fero, to bear), or viviparous (virus, alive, and 
pario, to produce). They are met with in many alpine grasses, as 
Festuca ovina, var. vivipara, Aira ciespitosa, var. alpina, Poa alpina, Ac., 
as well as in Alliums, Trifoliums, Ac. Puds of a similar kind may be 
produced on the edges, or in the axil of leaves, as in Bryophyllum 
oalycinum, Malaxis paludosa, many species of Gosnora, Gloxinia, and 
Achimenes; and the bulbils of Lilium, Ixia, and Pentaria, seem to be 
peculiar forms of buds, capable of being detached, and of assuming 
independent growth. Buds, however, dilier from embryos of seeds 
in the direction of the roots being towards the axis of the plant. 

632. The length of time required for the protrusion of the radicle 
varies in different plants. Some seeds, as garden cresses, germinate in 
the course of twenty-four hours, others require many days or many 
months. Seeds with hard coverings, or a stony perisperm, may lie 
dormant in the soil for a year or more. The following experiments 
were made in the Geneva garden, on seeds similarly watered, and ex- 
posed to a medium temperature of 53° F. It was ascertained that 
one half of the species of the following thmilies germinated ah er the 
lapse of the number of days here mentioned: — 


Armiranthacea?, 9 days. 

Orneifcra?, 10 — 

Iloraginaceae, Caryopliyllacesr, Chenopodiaecse, Malvaceae,. 11 — 

Compobitie, Convolvulaeeae, Plantaginacese, 12 — 

Polygonacea?, 1 3 — 

Oarnpanulacca*, Lcgumiuosa^, Valerianae^, 14- — 

Grammcse, Lai data*, Solanaceai, 15 — 

Rosaeoas, 17 — 

Raimnculacca^ 20 — 

Antirrhinums, Onagrariaceac, 22 — 

Umbellifcrse, 23 — 


Temperature has a great effect in accelerating germination. Thus, 
Erigcron caucasicum, at a temperature varying from 49° to 53°, ger- 
minated in ten days ; at a temperature from 66° to 72°, in two days ; 
Polichos abysvsinicus, at the former temperature, in ten days, at the 
latter, in three ; Zinnia coccinea, in twenty-two, and live days respec- 
tively. 

633. Duration of the Life of Plants. — Plants, according to the 
duration of their existence, have been divided into annual, biemnat, 
perennial. The first of these terms imports that the seed germinates, 
and that the plant produces leaves and flowers, ripens its seed, and 
perishes within twelve months ; the second, that a plant germinates 
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and produces leaves the first year, but does not produce a flowering 
stem, nor rif>en its seed, till the second, after which it perishes ; 
while the third intimates, that the process of flowering and fruiting may 
be postponed till the tliird year, or any indefinite period. The first 
two exercise the function of flowering in general only once, while 
the last may do so several times before dying. Under different 
climates, however, and under different modes of management, the 
same species may be annual, biennial, or even perennial. Thus, 
Wheat in this country is annual if sown early in spring, but biennial 
if sown in autumn; in hot climates, Lolium perenne proves annual; 
the Castor-oil plant in this country is annual, while in Italy it is a 
shrub of several years’ duration ; the annual Mignonette, by removing 
its flower-buds the first year, and keeping it in a proper temperature 
during the winter, may be rendered perennial and shrubby. Many 
flowering garden plants, as Neapolitan Violet and Lily of the Valley, 
may be brought into flower at a late period of the year, by pinching 
off the blossoms in the early part of the season. 

(>3-L Plants, as regards their flowering and fruiting, have also been 
divided into wonocarpic {[lovoq, one, and fruit), or those which 

flower once only and then die ; and poh/earpic (croX^, many), or those 
which flower and fruit several times before the entire plant dies. Tims, 
annuals and biennials, which flower the first or second year and die, 
as well as the Agave, and some Palms which flower only once in forty 
or fifty years, and perish, are monocarpic ; while perennials are poly- 
carpic. Some perennial woody plants live to a great age. Some 
specimens of Adansonia digitata, the Baobab of Senegal, are said to be 
more than 5000 years old. The Yew, the Oak, the Lime, the Cypress, 
the Olive, the Orange, Banyan, and Chestnut, often attain great 
longevity. 

035. The following is a notice of the size and age of some trees: — 


Height to which forest trees grow in France, 120 to 130 feet. 

Height to which forest trees grow in America, 150 — 

Trunks of some Baobabs have a girth of. 90 — 

Trunk of Dracsena of the Canaries lias a girth of 45 — 

That of an Acer in South Carolina has a girth of. 62 — 

In France, trees have often a girth of. 25 to 30 — 

Oaks iti Britain planted before the Conquest, more than 800 years old. 

Yew at Fountain’s Abbey, Ripon, 1200 — 

Yews in churchyard of Crowhurst, Surrey, 1450 — 

Yew at Fortingall, Perthshire, ,,..2500 to 2600 — 

Yew at Brabourn churchyard, Kent, 3000 — 

Yew at Hedsor, Bucks, 27 feet diameter, 3200 — 


A specimen of Ficus indica, or the Banyan, on an island in the river 
NTerbudda, is believed to be identical with one that existed in the time 
of Alexander the Great, and which, according to Nearchus, was then 
capable of overshadowing 10,000 men. Parts of it have been carried 
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away by floods, but it can shade 7000 men, and its dreumference, 
measuring its principal trunk only, is 2000 feet. The chief trunks of 
this tree greatly exceed our English Oaks and Elms in thickness, and 
are above 350 in number. The smaller stems are more than 3000 
in number. 

636. The Maronites believe that some Cedars near the village of 
Eden in Lebanon, are the remains of the forest which furnished Solo- 
mon with timber for the temple, full 3000 years ago. These Cedars 
w r ere visited by Belonius in 1 550, who found them twenty-eight in num- 
ber; Rawolf, in 1575, makes them twenty-four; Dane] ini, in 1660, and 
Thevenot, about filly years after, make them twenty- three ; Maundrell, 
in 1696, found them reduced to sixteen; Pococke, in 1736, found 
fifteen standing; in 1810, Burckhardt counted eleven or twelve; and 
Dr. Richardson, in 1818, states them to be no more than seven. They 
must be of great antiquity, seeing they w r ere counted old 300 years 
ago. Maundrell mentions the size of some of the Cedars. The largest 
he measured was 36 feet 6 inches in circumference, and 117 feet in 
the spread of its boughs. 

637. Dceaudolle gives a list of the ascertained ages of certain trees: — 


Kim, 335 years. 

Cypress, about 350 — 

Oheirosteinon (Hand-tree), about 400 — 

Ivy, 450 — 

Larch, 576 — * 

Sweet Chestnut, about COO — 

Orange, 630 — 

Olive, 700 — 

Platanus orientalis,... 720 — 

Cedar, i 800 — 

Many tropical trees, according to Humboldt, about 1000 — 

Lime, 107G, 1147 — 

Oak, ..810, 1080, 1500 — 

Yew, 1214, f458, 2588, 2820 — 

Taxodium, upwards of. ' 4000 — 

Adansonia, .T.TT/. 5000 — 


10,— GENERAL OBSERVATIONS ON THE ORGANS OF PLANTS, AND ON THE MODE IN WHICH 

THEY ARE ARRANGED. 

638. Before concluding the consideration of the elementary and 
compound organs of plants, it is proposed to make some general 
observations on their arrangement and development. The following 
is a tabular view of the various organs to which attention has been 
directed : — 

General Arrangement of the Organs of Phanerogamous Plants. 


Membrane,. 
Fibre,. 


I. — Elementary Organs. 

{Vesicles or Cellules, 

-< Spiral Vessels or Tracheae...... > 

(Ducts or Tubes, ) 

U 


.Cellular Tissue. 
.Vascular Tissue. 
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II. — Compound Organs. 

1. General Integument. 


Cuticle or Pellicle,...) 
Stomata. — i 


.Epidermis. 

Hairs, Prickles or Aculei, Stings, 


2. Nutritive Compound Organs. 

Pith, " 

Modullar} r Sheath, 

Heart wood or Duramen, Stem 

Sapwood or Alburnum,....., - } and 

Medullary Ravs or Plates, I Branches. 

Liber or Endophlocum, | 

Cortical layers or Epi- and Mesophloeiun, .... J 

Petiole, ) j ^ ^ 

Limb or Lamina, / 

Stipules. 

3. Reproductive Compound Organs. 

Braid. Involucre. 

Sepals — Calyx. > I,prianth 

Petals — Corolla./ ,, , 01 

) rengone. 

Fovilla ) Pollen I Anther ) 

granules,../ grains,/ Stamens, 

Filament, I 

Carpel,,... (^7-1 

Ovules,.... J s«gm ( 


Rhizome. 

Tuber. 

Runner. 

Sucker. 

Corm. 

Bulb. 

Thorn. 

Phylloilia 

Tendrils. 

Ascidia. 


} Flower. 


Radicle, ^ 

Cotyledon,... 
Plumule, ) 


4. Composition of Ripe Fruit. 


Embryo, 

Spermoderm, 

Albumen or Pcrisperm,. 


Pericarp, 
Seed, .... 


Fruit. 


639. Plants may be said to be composed of numerous individuals, 
each having a sort of independent existence, and all contributing to 
the general growth of the compound individual formed by their union. 
In the case of a tree there are a vast number of buds, each of which 
is capable of being removed, and made to grow on another tree by 
grafting ; and although each has thus a vitality of its own, it is never- 
theless dependent on the general vitality of the tree, so long as it is 
attached to it. The same thing is seen in Sertularian Zoophytes. Each 
of the individuals forming a compound plant is called by Gaudichaud 
a phyton (Gurov, a plant), and in it he recognizes three parts or men- 
thalli (fisgog, a part, and QaWbg, a frond), the radicular werithal corre- 
sponding to the root, the cauline to the stem, and the foliar to the leaf. 
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640. In the Aeotyledonous plants, the embryo or spore consists of 
cells united together, and it is only during germination that it exhibits 
these different parts. In Monocotyledons, the embryo consists of a 
single phyton, with a radicular mcrithal or radicle, a cauline or tigellus, 
and a foliar or cotyledon. In Dicotyledons, the embryo consists of 
two or more phytons united, with their foliar merithals (cotyledons) 
distinct, while their cauline and radicular merithals form each a, single 
organ. 

641. In tracing the various parts of plants, it has been shown that 
all may be referred to the leaf as a type. This morphological law was 
propounded by Limueus and Wolff, but it is to Goethe wc owe the full 
enunciation of it. Vegetable morphology, the study of forms, or the 
reference of the forms of the parts of plants to the leaf, is now the 
basis of organography ; and it will be observed, that in considering the 
various organs, this has been kept constantly in view. The calyx, 
corolla, stamens, and pistil, are only modifications of the leaf adapted 
lor peculiar functions. It is not meant that, they were originally leaves, 
and were afterwards transformed ; but that they arc*, formed of the 
same elements, and arranged upon the same plan, and that in the 
changes which they undergo, and the relation which they bear to each 
other, they follow the same; laws as leaves do. The different parts 
of the flower may be changed into each other, or into true leaves; or, 
in other words, the cellular papilla? from which they arc formed arc 
capable of being developed in different ways, according to laws which 
are still unknown. These changes may take*, place from without in- 
wards, by an ascending or direct mefamoiphosh ?, as in the case, of* petals 
becoming stamens; or from within outwards, by descending ox retrograde 
metamorphosis , as when stamens become* petals. 

642. Bracts are very evidently allied to leaves, both in their colour 
and form. Like leaves, too, they produce buds in their axil. The 
monstrosity called Hen and Chicken Daisy, depends on the develop- 
ment of buds in the axil of the leaves of the involucre. The sepals 
frequently present the appearance of true leaves, as in the Hose. The 
petals sometimes become green like leaves, as in a variety of Ranun- 
culus Philonotis, mentioned by Decandolle, and in a variety of Cam- 
panula rapunculoides, noticed by Dumas. At other times they are 
changed into stamens. Decandolle mentions a variety of Capsella 
Bursa-pastoris, in which there were ten stamens produced in conse- 
quence of a transformation of petals. The stamens in double flowers 
arc changed into petals, and in Nymphjra alba there is a gradual 
transition from the one to the other. Sometimes the stamens are 
changed into carpels, and bear ovules. This has been seen in Wall- 
flower, some Willows, Poppy, &c. Petit -Thouars noticed a plant of 
Houseleek, in which the one half of the anthers bore ovules, and the 
other half pollen. The car]) els, as in the double Cherry, may be seen in 
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the form of folded leaves ; in double flowers they are transformed into 
petals, and in other cases they are developed as stamens. It is said 
that increase of temperature, and luxuriance of growth, sometimes 
make flowers produce stamens only. In plants having unisexual 
flowers this is more liable to take place, as in Melon, Cucumber, &c. 
Increased vigour seems to be required for the development of stamens, 
for some fir trees in their young state bear cones, and produce male 
flowers only when they reach the prime of life. 

G43. Symmetry of Organs. — In the progress of growth, the plants 
belonging to the different divisions of the vegetable kingdom follow 
certain organogenic laws (8 gyam, an organ, and ym&uv, to produce), 
the operation of which is seen in the definite arrangement of their 
organs. The flower consists sometimes of three, at other times of fora' 
or flve equal sets of organs, similarly and regularly disposed. Thus, 
the Iris has three straight parts of its perianth, and three reflexed ones 
alternately disposed, while the Fuchsia lias four parts of the calyx 
alternating with four petals, and the Hose has five alternating portions. 
This orderly and similar distribution of a certain number of parts is 
called symmetry , and flowers are thus said to be symmetrical with vari- 
ous numbers of members. Whc n the number of parts is two, the 

flower is dimerous (dig, twice, 

^ - -.x 

V N \ 


and ftegog, a part) (fig. 531), 
and the symmetry two-mcm- 
bored. When the number of 
parts is three, the flower is 
tmuerom (r^c, three), and 
when the parts are arranged 
in an alternating manner (tig. 
532), the symmetry is trigonal 
or triangular (rgeig, three, and 
yojvia, an angle), as in the Lily. 
When there are four parts, the 
flower is tetramerous (rsrgdg, 
four), and the symmetry is 
tetragonal or square (figs. 533, 
534), as in Galium and Paris. 
When there are five parts, the 
flower is pentamerous (ersm, five), and the symmetry pentagonal (fig. 
535), as in Ranunculus. 



Fig. 581. — Diagram of the dimerous flower of Ciraea Lutetian*, Enchanter’s Nightshade. 
Ihere are two carpels, two stamens, two divisions of the corolla, and two of the calyx. The 
flower is isostemonoiis. 

Fig. 582 — Diagram of the tri morons Isostemonofis flower of Cnoorum tricoccum. The floral 
envelopes are arranged in sets of three, and so are the essential organs. 

Fig. 583. — Diagram of the tetramerous Isostemonous flower of Zicria, The organs are ar- 
ranged in verticils of four parts each. 

b ig. 684. Diagram of the tetramerous Diplostomonous flower of Ruta graveolens. There are 
lour carpels, eight stamens, or four in each verticil, four folioles of the calyx, and four petals. 



SYMMETRY OF ORGANS. 


309 


644. There are also other kinds of arrangements in flowers, which 
may he referred to certain modifications in the organogenic law. Thus, 
what is called oblong or two and tivo-membcred symmetry, occurs in 
cases where the opposite ends are similar, and the opposite sides as in 
the arrangement of the stamens of Crucifera?. Again, simple symmetry is 
that in which the two sides of the object are exactly alike, without any 
further repetition, as in papilionaceous, personate, and labiate flowers, 
as well as in most leaves. The term symmetry, however, is properly 
confined to cases where the parts are arranged alternately, and are 
either equal or some multiple of each other, and has no reference to 
the forms of the different parts. Tn the very young state, the parts of the 
flower appear as a shallow rim, from which the petals and sepals arise 
as mammilla;, in a symmetrical manner. In the oa.se of irregular 
corollas, the parts at first appear regular, as shown by Bameoud.* In 
speaking of flowers, it is usual to call them symmetrical when the 
sepals, petals, and stamens follow the law mentioned, even although the 
pistil may be abnormal. Thus, many Sol an ace a* are pentamerous, and 
have a dimerous ovary, yet they are called symmetrical. In Crucifera 1 , 
the flowers arc, properly speaking, unsymmetrical, for while there are 
four sepals and four petals, there are, six stamens in place of four. 
This depends apparently on the long stamens being in reality composed 
only of two, the filament of each of which is split by a process of chori- 
zation (If 383), and each division forms for itself by multiplication a 
perfect anther. In Papilionaceous flowers, the parts are usually sym- 
metrical, there being five divisions of the calyx, five petals and ten 
Stamens in two rows. 
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645. It will be seen that, flowers constituting trigonal or pentagonal 
symmetry, may present what has been called simple symmetry, when one 

* Annates des Sciences Natu relies, November, 1846. 

Fig. 535. — Diagram of the pentamerous Jsostemonoasihvwer of Crassula Athens. ccr.cc, Parte 
of the calyx, ppp p />, Petals alternating with the leaves of the calyx, n tn, Stamens alter- 
nating with the petals, o, Accessory bodies in the form of scales, or n disk alternating with the 
stamens. These scales are often an abortive row of stamens, o, Carpels alternating with the 
Bt&meiiN, and opposite to the scales. 

Fig. 536,— Diagram of the pentamerous flower of Sednm Telephium. The stamens are ten, 
arranged in two alternating verticils. The flower is Diplosteinonous. 

Fig. 537. — Diagram of the pentamerous DipJostemonous flower of < ’oriaria myrtifolia; the 
parts of the four whorls alternating, the verticil of stamens being double. 

Fig. 5118. — Diagram of the trimerous Diplostemonous flower of Ornithogalum p vreiuiicuin . 
Stamens six in two alternating verticils. 
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of the petals or sepals bceomevS more developed than the others. In Di- 
cotyledonous plants, it is common to meet with pentagonal (figs. 535, 
536, 537) and tetragonal (figs. 533, 534) symmetry, the parts being 
arranged in fives and fours, or in multiples of these numbers. It is 
common to find the stamens more numerous than the petals, and in that 
case, they are arranged in different, verticils, each alternating with that 
next it. Thus, if there are five sepals, five petals, and twenty stamens, 
the latter are considered as forming Jour verticils. No doubt the verticils 
are often traced with difficulty, more especially when adhesions take 
place. In Monocotyledons (fig. 538), the parts are usually in sets of 
three, or in some multiple of that number, exhibiting trigonal symme- 
try. In A cotyledons, when any definite number can be traced, it is 
found to bo two, or some multiple of two. The tectli of Mosses are in 
sets of four, or some multiple of four. The spores of many A cotyle- 
dons arc also arranged in fours. 

04 G. Teratology. — There has thus been traced a tendency to sym- 
metrical arrangement in plants. But the parts of plants are often 
modified by natural causes which cannot be explained. It is assumed 
that each of the similar members of a flower have the same organiza- 
tion, and a similar power of development; and hence, if among these 
similar parts some are less developed than others, they are considered 
as abortive , and these abnormal states are traced 1o changes which 
take place in the earlier stages of growth. Such changes often inter- 
fere with the symmetry of the flower. Alteration in the symmetrical 
arrangement, as well as in the forms of the different parts of plants, 
have been traced to suppression or the non-development of organs, degen- 
eration or imperfect formation, adhesion or union of one part to another, 
multiplication of parts, and it n lining or chorization. The study of 
Teratology (rego& a monstrosity, and \6yog, treatise), or of the mon- 
strosities occurring in plants, has led to many important conclusions 
relative t.o the development of organs, and it is only by tracing the 
parts of plants through nil their stages and transformations, that correct 
ideas can bo formed as to their relations and forms. 

647. By suppression is meant the non-appearance of an organ at the 
place where it ought to appear if the structure was normal ; the organ 
being wanting to complete the symmetry. This suppression is liable 
to occur in all the parts of plants, and gives rise to various abnor- 
malities. Suppression may consist in the non-appearance of one or more 
parts of certain verticils, or of one or more entire verticils. In the 
flowers of Stapbylea (fig. 539), there are five parts of the calyx, five 
petals, five stamens, arid only two carpels ; in many Caryophyllacea?, 
as Polycarpon and Holosteum (fig. 540), while the calyx and corolla 
are pentamerous, there are only three or four stamens and three car- 
pels; in Impatiens noli-me-tangere (fig. 541), the calyx is composed of 
three parts, while the other verticils have five ; in Labiate flowers, there 
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are five parts of the calyx and corolla, and only four stamens ; and in 
Tropasoltmi pentaphyllum (fig. 542), there are five sepals, two petals, 
eight stamens, and three carpels. In all these cases, the want of sym- 
metry is traced to the suppression of certain parts. In the last men- 
tioned plant, the normal number is five ; hence it is said that there 



are three petals suppressed, as shown by the position of the two 
remaining ones (fig. 542) ; there are two rows of stamens, in each of 
which one is awanting, and there are two carpels suppressed. In many 
instances the parts which are afterwards suppressed can be seen in the 
early stages of growth, and occasionally some vestiges of them remain 
in the fully developed llowcr. Sometimes 
the whorl of the petals is awanting, the 
flowers being apr talons (a, privative, and 
nsraXov, a leaf) (fig. 543), and in such cases 
it is common to see the stamens opposite to 
the segments of the calyx, as in Clienopo- 
diaceai (fig. 544). That this suppression of the petals takes place is 
shown in the case of certain allied plants, as in the natural orders 
Caryophyllaceaj and Paronychiaccac, where some species have petals 
and others want them. 

G48. By the suppression of the verticil of the stamens or of the 



Fig. 539.— Diagram of the flower of Staphylca pinnate. The parts of the calyx, corolla, and 
stamens are pontamerous, while the pistil, in consequence of the suppression of three carpels, is 
dimerous. 

Fig. MO. — Diagram of the flower of Ilolosteum umbellatum. There are five calycine divi- 
sions, and live petals; but the stamens, by the suppression of one, are only four in number ; 
while the carpels are, by suppression, reduced to three. Thus, the flower is unsymmetrical. 

Fig. 541. — Diagram of the flower of Impatient} parviflora, with one of the calycine leaves 
spurred. There are live carpels, live stamens, live petals, one of which is larger than the rest 
but only three- parts of the. calyx, in consequence of suppression. 

Fig. 54*2.— Diagram of the flower of Tropaiolum pentaphyllum, with a spurred or calcarate 
calycine leaf. The petals, by suppression, are reduced to two; the stamens are eight in place 
often, and the carpels three in place of tivc. 

Fig. 543. — Diagram of the flower of Glaux maritima, showing the suppression of the verticil 
of the corolla. There are five divisions of the calyx, five stamens alternating with them, and 
five divisions of the ovary, with a central placentation. 

Fig. 644. — Diagram of the flower of Chenopodium album, showing the suppression of the ver- 
ticil of the corolla. The five stamens, in this case, are opposite to the divisions of the uilyx. 
thus exhibiting the arrangement which might he expected from a non-development of the 
corolla. The divisions of the ovary are not easily seen, the placentation being central. 
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carpels, flowers become unisexual ( unus , one, and semis, sex), or diclin- 
ous (dig, twice, and xXmj, a bed), and are marked tlius, S' $; the 
first of these symbols indicating the male, and the second the female 
flower. Thus, in Jatropha Curcas (fig. 814), the flowers have five 
segments of the calyx, and five petals, wliile in some (fig. 314, 1) the 
pistil is awarding; in others (fig. 314, 2), the stamens. In the genus 
Lychnis, there are usually stamens and pistil present, or the flower is 
hermaphrodite, or mot toe lino us (fimg, one, and %kivr h a bed) ; but in 
Lychnis dioica, some flowers have stamens only ; others pistils only. 
Thus it is that monoecious and dioecious (/i^vo;, one, big , twice, and 
o/x/w, a habitation) plants are produced by the suppression of the essen- 
tial organs of the flowers, either of the same or of different individuals 
of the same species ; while polygamous (yroXi )g, many, and yd/uog, mar- 
riage?) plants are those in which, besides unisexual, there are also her- 
maphrodite or perfect flowers. 

649. Rome parts (if the pistil are generally suppressed in the pro- 
gress of growth, and hence it is rare to find it symmetrical with the 
other whorls. When the fruit was treated of (f 522), it was shown 
that carpels and ovules often become abortive by pressure and 
absorption, so that the pericarp and seeds differ in their divisions 
and number from the ovary and ovules. If the whorls of the calyx 
and corolla are awanting, the flower becomes 'naked or acJdamydeom 
(IT 351). It may still, however, be fitted for the functions of producing 
seed ; but if the essential organs, viz., the verticils of stamens and 
pistils, arc suppressed, then the flower, however show} 7 as regards its 
envelopes, is unfit for its functions, and is called v cuter. Flowers hav- 
ing stamens only, are staniiniferous, staminal, or sterile; those having 
pistils only, are pistUliferom , pistillate , or fertile. The suppression of 
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various verticils, and parts of them, is well seen in the family of the 
Euphorbiaceas (figs. 545 — 550). Thus, in fig. 545 is delineated an 


Figs, 645 — 550. — Diagrams of flowers of Enphorbiaceons plants, becoming more and more 
simple. (1.) The calyx is the only envelope, and consists of three parts in figs. 545, 546, 
and 547. It is completely suppressed in figs, 548, 540, and 550, and its place is occupied by a 
bract, in the axil of which the flower is produced ; this bract being accompanied in figs. 548 and 
540 with two small bractlets. (2.) The male flowers in fig. 545 have three stamens, in figs. 646 
and 648 they have two, in figs. 547 and 540 one stamen only is developed, and in fig. 550, 1, the 
solitary stamen has only one anther lobe. (3.) The female flower in fig. 550, 2, is reduced to a 
single carpel, with a bract in the axil of which it is produced. 

Fig. 545.— Diagram of a staminiferous flower of 1 Vagi a cannablna. 

Fig. 546.— Diagram of a staminiferous flower of Tragia volubilis. 

Fig. 647.— Diagram of a staminiferous flower of Antliostema senegalense. 

Fig. 648.— Diagram of a staminiferous flower of Adenopeltis colliguaya. 

Fig. 549.— Diagram of a staminiferous ilowpr of a Euphorbia. 

Fig. 550.— 1. Diagram of a staminiferous flower of Maias minor. 2. Of a pistilliferoua flower 
of Naias major. 
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apetalous trimerous stamina] flower ; in rig. 546 one of the stamens is 
suppressed, and in rig. 547 two of them are awarding. Again, in rigs. 
548, 549, 550, the calyx is suppressed, and its place occupied by one, 
two, or three bracts (so that the flower is, properly speaking, aehla- 
mydeous), and only one or two stamens produced. In rig. 550, 1, 
there is a sterile flower, consisting of a single stamen with a bract; and 
in rig. 550, 2, a fertile flower, consisting of* a single carpel witli a bract. 
There is thus traced a degradation , as it is called, from a flower with 
three stamens and three divisions of the calyx, to one with a single 
bract and a single stamen or carpel. 

650. It is common to rind some of the buds of a plant suppressed, 
thus altering tin 1 spiral arrangement. Such buds, however, are often 
capable of being developed, if any accident occurs, or if the plant is 
pruned. Deficiency of light and of air, and want of proper nourish- 
ment, are capable of producing abortions of various kinds. Hie non- 
development of a branch gives rise to clustered, or fascicled { fastis, a 
bundle of twigs) leaves, as in the Larch, and to fascicled twigs, as 
in a common bird-nest-like monstrosity of the Birch. When the 
true leaves of a plant are suppressed, their place may be occupied 
by a tendril, as in Lathyrus Aphaca, in which the stipules perform the 
functions of leaves (If 201); or the petiole may be developed in a 
peculiar way, as in the phyllodia 157) of some Acacias. 

651. Degeneration , or the transformation of parts, often gives rise 
either to an apparent want of symmetry, or to irregularity in form. 
Branches, when not properly developed, may assume the form of thorns 
or spines (^f 200), as in the Hawthorn and Wild -plum ; and by cul- 
ture these spines maybe converted into leaf-1 tearing brandies. Leaves 
often become mere scales, as in Latlmea, Orobanche, and in Bulbs. 
The limb of the calyx may appear as a rim, as in some Umbelliferse ; 
or as pappus, in Composite and Valeriana. In Scrophularia, the 
fifth stamen appears as a sca.lc-like body, called slaminodhnn \ fig. 346); 
in many other plants belonging to the Serophiilariaceas, it. assumes the 
form of a filament, with hairs at its apex in place of an anther. In 
unisexual flowers, it is not uncommon to rind vestiges of the un- 
developed stamens in the form of filiform bodies or scales. To many 
of these stamina! degenerations, Linnaeus gave the name of nectaries . 
In double flowers, transformations of the stamens and pistil take place, 
so that they appear as petals. In Caiman, what are called petals are 
in reality metamorphosed stamens. Allusion lias already been made 
to the various changes which the different parts of the flower thus 
undergo. The object of the florist is to produce such monstrosities ; 
and flowers, which by him are considered perfect, are looked upon by 
the botanist as imperfect, from the want of the essential organs. 

652. Adhesion, or the growing together of parts, is a very common 
cause of changes both as regards form and symmetry. The union of 
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stems gives rise occasionally to anomalies, as in the fmciated stalks of 
Cockscomb (fig. 230), and the flattened stems of some Conifer® (U 197), 
and probably also the peculiar stems of certain Sapindace® and Meni- 
spermaccre of Brazil (f 90). Some of these, however, may perhaps 
he traced not to adhesion, but to an abnormal development of buds, 
producing wood only in one direction in place of all round. Natural 
grafts occasionally occur from one branch of a tree uniting to another. 
Hoots also sometimes become grafted, and to this has been attributed 
the vitality occasionally preserved by the stumps of Spruce-firs which 
have been felled on the Swiss Alps, The union of two leaves by their 
base, forms a connate leaf, and the adhesion of the lobes of a single 
leaf on the. opposite side of the stalk, gives rise to perfoliate leaves 
(fig. 15(1). The union of the edges of a folded leaf forms Ascidia, or 
pitchers (figs. LSI, 187). The different parts of the same verticil of 
the flower unite often more or less completely, giving rise to a mono-' 
phyllous or gamophyllous involucre (H 347); a monosepalous or 
gamoscpalous calyx (fig. 273); a monopetalous or gamopetalous corolla 
(figs. 293, 294, &e.); monadelphous (ligs. 307, 314, 1), diadelphous 
(If 399), and polyadelphous (Jigs. 315, 551) stamens; syngonesious 
anthers (If 417); a gynaudrous column (1| 400); and a syncarpous 
ovary (fig. 383). The different verticils of the flower are frequently 




adherent. The calyx is often united to the corolla or to the stamens, 
or to both (fig. 308) ; the stamens may adhere to the corolla (fig. 552); 
or there may be a union of the four verticils of the flower, so that the 
calyx becomes superior (fig. 309). In some instances, when the axis 
is elongated, adhesions take place between it and certain whorls of the 
flower. Thus, in some Caryopliyllace® (fig. 553), the calyx, c, bear- 


Fig. 551,— One of the five bundles of stamens taken from the polyadelphous flower of Malva 
miniata. Stamens are united by their filaments. 

Fig, 552. — Portion of the gamopetalous or monopetalous corolla, p, of a Oollomia, showing 
part of the tube, t, terminated by two lobes of the limb, l, and having the stamen, e, inserted 
into it, and united to it, so that the upper part of the filament, /, only is free. 
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ing the stamens, e, and petals, p, becomes united to the axis, g, wliich 
supports the ovary, o. In Capparidacese (fig. 554), the calyx, c, and 
petals, p, occupy their usual position, but the axis is prolonged in the 
form of a gynophore, ag 1 to wliich the stamens, e, are united. Occa- 
sionally, contiguous flowers may unite, giving rise to double fruits, as 
is sometimes seen in Apples, Grapes, and Cucumbers. 




053. Multiplication , or an increase of the number of parts, gives rise 
to changes in plants. It is often found, that in plants belonging to the 
same natural order, the number of stamens in one is greater than that 
in another, either in consequence of additional stamens being developed 
in the verticil, or on account of the production of additional verticils, 
'flic same thing is met with in the case of the other whorls, and is 
well illustrated in the. formation of the disk 428). Multiplication 
causes a repetition of successive whorls, which still follow the law of 
alternation. 

654. Parts of the flower are often increased by a process of dedupli- 
cation , unlining , dil animation^ or chorization , i. e. the separation of a 
lamina from organs already formed (^J 383). This is believed to take 
place in a remarkable degree in the case of appendages to petals. 
Thus, in Ranunculus, the petal (fig. 555) has a scale at its base, a, 
which is looked upon as a mere fold of it. This fold may in some 


Fig. 553.— Flower of Lychnis v isoaria, quo of the Caryophyllacea*, cut lengthwise, to show the 
relation of its different, parts, c, Gamopetalous calyx. />, Fetal s with their elongated unguis 
or edaw, uu, their limb, ll, and the appendages, a a, in the form of dilaininatod scales of the 
petals, ee, Stamens. Pistil consists of the ovary, o, and five styles, , 9 . Prolongation of the 
axis in the form of a gynophore or anthophore, bearing the petals, the stamens, and the pistil. 

Fig. 554. — Flower of C ynandropsis palmipes, one of the Capparidacea*. «, Calyx, p. Petals 
e, Stamens. a Gynophore or elongated internode or axis bearing the stamens, a g", Gyno- 
phore or elongated intemode hearing the pistil. 0 /, Pistil composed of an ovary, 0 , a stylo 
and a stigma, j. 
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cases be more highly developed, as in Caryophyllacea% and in Cras- 
sula rubens (fig. 258 a), and it may even assume the characters of 
a stamen, which will therefore be opposite the petal, as in 
Primulacea*. Some do not consider the production of scales 
or stamens opposite to the petals, as the result of choriza- 
tion. Lindley argues against it from what is observed in 
Camellia japonica, in which the petals are usually alternate ; 
but, by cultivation, the law of alternation is interfered 
with, and the parts are so developed that the petals are 
opposite, and run in several regular lines, from the centre 
to the circumference. Again, by this process of cliorization, 
one stamen may give rise to several. Thus, in Luhea pani- 
culata (fig. 3 1 6, 1 ), in place of five stamens there are five 
bundles (fig. 316, 2), composed partly of sterile filaments, f s, 
and partly of filaments bearing anthers, fa* and each of these bundles 
is traced to a deduplication of a single stamen, inasmuch as they arise 
from one point, and do not follow the law of alternation. Thus, dilami- 
nation repeats the single organs, and causes opposition of parts. In 
the case of the four long stamens of Crucifers? (If 644), cliorization is 
said to take place by a splitting of the filaments of two stamens; and 
thus the two stamens on each side are, by gemination ( gemini , twins), 
normally one. This view is confirmed by cases in which the fila- 
ments of the long stamens are more or less united ; also, by cases in 
which the shorter filaments exhibit tooth-like processes on either side, 
while the longer ones have them only on the outer side. In such 
eases, the two long filaments, if united, would present the same appear- 
ance as the shorter ones, and occupy their usual position of alternation 
with the petals. In some instances, by polarization (crsAw^oc, mon- 
strous), it is found that tetradynamous plants become tetrandrous 
with equal stamens alternating with the petals. 

655. Cultivation has a great effect in causing changes in the various 
parts of plants. Many alterations in form, size, number, and adhesion 
of parts, are due to the art- of the horticulturist. The development 
of cellular tissue and of starchy matter is often thus much increased, 
as may be seen in the case of Turnips, Carrots, and Potato. Tine 
succulence of the leaves of the Cabbage and Lettuce, and the forma- 
tion of a heart, as it is called, is due to cultivation ; so also the curled 
leaves of Savoys, Cress, Endive, &c. The changes in the colour and 
forms of flowers thus produced are endless. In the Dahlia, the 
florets are rendered quilled, and are made to assume many glowing 
colours. In Pelargonium, the flowers have been rendered larger and 
more showy ; and such is also the case with the Ranunculus, the Au- 

Fig. 555.— Petal of Ranunculus Fiearla, viewed on the inside. 1. The limb, a, Small scaly 
appendage at its base formed by cliorization or dilamination. 
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ricula, and the Carnation. Some flowers, with spurred petals in their 
usual state, as Columbine, are changed so that the spurs disappear ; 
and others, as Linaria, in which one petal only is usually spurred, are 
altered so as to have all the petals spurred. 


SECTION IV.— SOME GENERAL PHENOMENA CONNECTED 

WITH VEGETATION. 

1. — VEGETABLE IRRITABILITY* 

05 G. Under this head are included certain sensible movements of 
living plants, exercised without any direct application of mechanical 
force, and not referable to mere elasticity, or the, hygroscopic nature 
of the tissues. Those motions are influenced chiefly by light and heat, 
and, like many phenomena occurring in organized beings, they cannot 
at present be explained by chemical or mere mechanical laws. They 
may, however, be excited by stimuli of a chemical or mechauical 
nature. Although the cause of them is obscure, still, in some instances, 
their use is obvious. 

057. Among the lowest classes of plants there are some peculiar 
movements of this kind. The simplest members of the Sea-weed tribe 
occasionally move throughout their whole substance. OsciUatorias, 
which arc filaments composed of cells placed end to end, containing 
fluid and granular matter, have an undulating movement, by means of 
which they advance. When placed in fluids under the field of the 
microscope, some of them may thus be seen to pass from one side to 
the other. The filaments sometimes twist up in a spiral manner, and 
then project themselves forward by straightening again. The motions 
are influenced by temperature and light, and by some are considered as 
being connected with the production of new cells. The spores of many 
Cryptogamic plants, especially species of Vaucheria, Conferva, and Proli- 
fqra, exhibit motions which, according to Thuret and Decaisne, depend 
on the presence of cellular hair-like processes, called cilia or tentacula. 
'These motive organs are in a state of constant agitation, which lasts for 
some hours, becoming slower, and finally ceasing after germination has 
commenced. In the spores of Conferva glomerata and rivularis (fig. 
431), there fire two of these cilia or filiform tentacula, which project 
from a colourless rostrum. In Cluetophora elegans, var, fusiformis, 
four have been seen (fig. 432); in Profifera (fig. 433), there is a circle 
of cilia, and in Vaucheria (fig. 434), the spore is entirely covered with 
very short cilia, the vibration of which determines their forward move- 
ment. These spores, from their movements, have received the name of 
Zoospores {% 492). Mr. Thwaites accounts for the rhythmical move- 
ments of cilia by electrical currents. In certain cells of Cryptogamic 
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plants, especially in what are called Antheridia, bodies are met with 
called Phytozoa (f 492), which also exhibit movements during a part 
of their existence. 

658. Remarkable movements have also been observed in the higher 
classes of plants. The foyilla contained in the pollen grain in a young 
state, when moistened with water, exhibits movements when viewed 
under the microscope. These movements have by some been referred 
to irritability, but by Brown and other accurate observers, they are con- 
sidered as merely inolcculur, and similar to what bikes place between the 
minute particles of inorganic matter — as, for instance, fmel) r powdered 
Gamboge suspended in water. These fovilla movements are easily seen 
in the very young pollen of Antirrhinum majus. Certain movements 
also take place; in the floral envelopes. Thus, many flowers open and 
close at particular peiiods (If 483 — 485); these phenomena depending 
on light, temperature, and moisture. Leaves also, especially those 
which are compound, are folded at. certain peiiods in a distinct and 
uniform maimer. What was called by Li imams the deep of plants, is 
the change produced on leaves by the absence of light. It is by no 
means analogous to the sleep of animals. During darkness some arc; 
slightly twisted and hang down; others, such as pinnate and ternate 
leaves, have the leaflets iblded together, and frequently the common 
petiole depressed. The youngest leaflets first exhibit these changes ; 
and when the plants become old, and tlieir tissues hardened, the 
irritability is often much diminished, as is seen in Oxidises. The fold- 
ing of the leaflets of compound leaves usually takes place from below 
upwards, but sometimes iu the reverse manner, as in Tephrosia 
Oaribfca; so also with the common petiole, which is directed upwards 
during sleep in the Cassias, and downwards in Amorpha. When be- 
sides the common petiole there are partial petioles, as in the Sensitive 
plant, they may be bent inwards towards each other, while the former 
is bent downwards. 

659. Mimosa sensitiva and pudica, commonly called sensitive plants, 
display these movements of their leaves in a remarkable degree, not 
only under the influence of light and darkness, but also under mechani- 
cal and other stimuli. They have bipinnate leaves with four partial 
petioles proceeding from a common racliis, and each of the petioles is 
furnished with numerous pairs (about twenty) of leaflets, which are 
expanded horizontally during the dnv. During darkness, or when 
touched or irritated in any way, each leaflet moves upwards towards 
its fellow of the opposite side, which in its turn rises up, so that their 
upper surfaces come into contact. When the movement commences 
at the apex of the leaf, it usually proceeds downwards to the base, and 
thence may be communicated to the leaflets of the next partial petiole, 
and ultimately to the common petiole, which falls down towards the 
stem. The partial petioles then converge to'wards each other, and 
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have a tendency to become parallel to the common petiole, at the ex- 
tremity of which they are suspended. When the plant is shaken as 
by the wind, all the leaflets close simultaneously, and the petioles drop 
together. If, however, the agitation is long continued, the plant seems 
as it were to become accustomed to the shock, and the leaflets will 
expand again. The stem itself is not concerned in the movements. 
It may be cut and wounded cautiously without causing any change in 
the leaves, and a portion of it may be removed with a leaf attached, 
and still remaining expanded. If, however, a mineral acid is applied 
to the stem, after some time the petioles will fall and the leaflets 
collapse — the leaves perishing with the stem which has been moistened. 
The chemical action of tlie acid and absorption cause those phenomena. 
When a sensitive plant is exposed to artificial light during the night, 
Decandollo found that its leaflets expanded, and that they closed when 
put into a dark room during the day, showing the influence which 
light has on these phenomena. It is to be remarked, however, that if 
the plant is kept for a long period of time in darkness, it will ultima tely 
expand its leaves, and the phenomenon of folding and opening will go 
on although at very irregular intervals. 

GGO. The termite leaves of many species of Oxalis fold not merely dur- 
ing darkness, but also when agitated or struck lightly and repeatedly. 
Each of the leaflets folds upon itself, and then bends downwards upon 
the common petiole. The plant called 1 )esmodium gyrans, the moving 
plant of India, has compound leaves consisting of a large terminal 
leaflet, and usually two smaller lateral ones. The latter are in con- 
stant movement, being elevated by a succession of little jerks, until 
they come into contact, and sometimes even slightly cross each other ; 
after remaining in this position for a short time, they separate from 
each other, and move downwards by rapid jerks on opposite sides of 
the petiole. This process is constantly repeated, and goes on in a 
greater or less degree, both during day and night, but is most vigorous 
during warm moist weather. The large terminal leaflet undergoes 
movements also, oscillating very gradually from one side to the other, 
and becoming horizontal or depressed. By the lateral oscillatory 
movement, the leaf becomes inclined in various ways, often assuming 
a remarkable oblique direction. The upward and downward move- 
ments seem to depend on the influence of light and darkness. During 
the day, the leaf becomes more or less horizontal, while 1 during dark- 
ness it hangs down. Similar movements are seen in other species of 
Desmodium, as I), gyroides and vesper tilionis. 

661. The movements in these cases have, by Martins and Meyen, 
been referred to the presence of some structure analogous to the 
nervous system in animals. There is, however, no evidence of such a 
structure in plants, and these authors have not pretended to prove its 
existence. It is to be remarked, that the movements differ in many 
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respects from animal contractility. They are usually hinge movements, 
and may be referred to certain changes in the organs, causing dis- 
tention or contraction of these tissues. Dutrochet and Morren refer 
them to alterations in the circulation of fluids and air in the vessels 
and cells. In plants with irritable leaves, there are frequently 
swellings where the leaflets join the stalk, as well as where the stalk 
joins the stem. These swellings contain cells which differ in their 
dimensions and their contents, and the movements are considered as 
being produced by changes in the contents of the cells, some of which 
become more distended Ilian others, and thus cause incurvation or 
folding. In these swellings the vascular bundles are disposed in a 
circle near the periphery, and may be concerned in the movements. 
Mechanical and chemical stimuli are supposed to act by inducing 
alterations in the contents of the vessels and cells. 

602. In the case of the sensitive plant, if the swelling at the base of 
the common petiole, is touched even slightly on its lower side, it is 
followed by instant depression of the whole loaf, but no such effect is 
produced if the upper portion of the 1 swelling is lightly touched. 
Again, touching the little swelling at the base of each leaflet on its 
upper side, causes the upward movement of the leaflet, but no such 
effect follows cautious touching of the lower part of the swelling only. 
If a pair of leaflets is touched at the extremity of a petiole, the irritation 
is usually continued downwards from apex to base* ; but if a pair at the 
base are touched, the progress of folding is reversed. Clear warm 
weather, with a certain degree of moisture, seem to be the conditions 
most favourable for these movements. They are seen best in young 
plants. The leaves of the sensitive plant contract under the action of 
electricity and galvanism. Some suppose, that in the sensitive plant 
there are two kinds of cells connected with the upper and lower sides 
of the leaves and petioles ; the one set being contractile, and causing 
the closing of the leaflet and the Ml of the petiole, the other being 
acted on chiefly through the circulation. In the case of the petiole, 
it is conceived that the tissue on the lower side of the swellings is 
contractile, while that in the upper is distensible. The turgescence 
of the latter, which is kept up by light, counteracts the contractility of 
the former, and maintains an equilibrium, so as to keep the petiole 
erect ; but when acted on by cold, mechanical irritation, &c., the 
equilibrium is disturbed, and the contractility operates in depressing 
the petiole. A careful microscopic dissection of the swellings, shows 
peculiar cells in some parts, which seem to differ in their contents 
from others in their vicinity. 

663. In the sensitive species of the Desmodium and Oxalis, the 
movements are not so evidently influenced by mechanical irritation. 
In the former, the little leaflets are supported on swollen petiolulcs, 
mi it is to the curvation an dj>visting of these in different directions, 
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that the movements seem to be owing. The leaflets remain flat and 
do not fold on themselves. It is said that by arresting the vital 
actions going on in the leaflets, by giving them a coating of gum, and 
thus preventing transpiration and respiration, the movements are 
stopped, and that they recommence when the gum is removed by 
water. Cutting a leaflet across, and only leaving a small portion of its 
lamina attached to the petiolule, does not immediately stop the move- 
ment of gyration. In such a case, however, the motion ultimately 
ceases, while it continues in the uncut leallct. So also, if a leaflet is 
divided longitudinally into two parts, each of them continues to move 
for a time, but the motions cease as the process of desiccation goes on. 

664. There are occasionally cellular prolongations from the leaf 
which, when touched, cause folding. Thus, in Diomea muscipula, 
or Venus's fly-trap, the lamina is articulated to the petiole, and consists 
of two free portions which arc united together by a joint along the 
midrib. On the upper side of each part of the lamina are situated 
three hairs with swellings at the base, and when these hairs are 
touched, the halves approach each other from below upwards, so as 
to enclose any object, as a 11 y, which may happen to light on them. 
Similar movements, but in a much less obvious manner, are said to 
take place in the leaves of Droseras or Sun-dews. The movements 
arc attributed to the same causes as those already mentioned, but. 
the ultimate object is not known. 

665. Movements take place in some parts of the flower, occasionally 
with the view of scattering the pollen on the stigma. The stamens 
of various species of Berberis and Mahonia, are articulated to the torus 
or thalamus, and when touched at their inner and lower part, move 
towards the pistil. In Parnassia palustris, the stamens move towards 
the pistil in succession to discharge their contents. The Helianthe- 
mum vulgare or common Bock-rose, exhibits staminal movements 
also connected with the bursting of the anthers. Morren has noticed 
sensitiveness hi the androecium of Sparmannia africana and Cereus 
grandiflorus. In the Nettle and Pellitory, the lilaments are confined 
in a peculiar way by the perianth, and at a certain period of growth 
they are released so as to allow t heir elasticity to come into play, by 
means of which the pollen is forcibly scattered (If 497). In Goldfussia 
or Buell ia anisophylla, the style has a curved stigmatic apex, which 
gradually becomes straightened, so as to come into contact with the 
hams of the corolla, upon which the pollen has been scattered ; and in 
Mimulus and Bignonia (fig. 406), the stigma has two expanded lobes 
which close when touched, a movement apparently in some way con- 
nected with fertilization. In the Passion-flower, and some Cacti, the 
styles move towards the stamens. The species of Stylidium have the 
filaments and styles united in a common column, at the upper part of 
which the anther lobes and stigma are placed. The column often 

x 
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projects beyond the flower, and is jointed. At the articulation an 
irritable swelling occurs, which, when touched or acted upon by heat 
and light, causes a sudden incurvation by which the column is thrown 
to the opposite side of the flower, bursting the anthers and scattering 
the pollen on the central stigma. After a time the column recovers 
its position. Those movements take place in the flower for some time 
after it has been removed from the plant and kept in water 4 97). 
Certain petals in some flowers, as in Orehidacea*, are said to move. 
Morren notices this in the case of species of Megacliniurn and Pteros- 
tylis. Gentiana sedifblia closes its petals when touched. Praksea 
elastica, a Swan liiver t errestrial Orchid, is remarkable for the irrita- 
bility of the stalk of the labellum. This stalk exhibits a movable 
joint like an elbow. 

(>f>(>. Chemical agents have an effect on the movements of plants. 
Some act by causing irritation, others by destroying irritability. Nar- 
cotic poisons, as opium, belladonna, and hydrocyanic acid, either 
taken iq> by the roots or applied externally, destroy the irritability of 
plants. They cause* closure of the leaves of the sensitive plant, and 
render it insensible to the action of stimuli. Their prolonged action 
causes death, but. if they are applied in moderate quantity, the plant 
may recover, and again unfold its leaflets. It frequently happens, 
however, that the irritability continues for some time much impaired; 
so that mechanical stimuli do not act in the same rapid and energetic 
manner as at first. Similar effects are produced by ether and chloro- 
form, when sensitive plants are introduced into an atmosphere through 
which these* substanees are diffused. The effects may be produced 
locally by applying the vapour only to certain parts of the plant. 
Experiments on the action of poisonous agents, both in the fluid and 
gaseous state, have, been performed by Marcct, Christison, Turner, 
and others 292—29(0* 

2 . — TF.MPE R A.TUHE OF FLANTS. 

Gf»7. The heat developed during the expansion of flowers and the pre- 
paration of the pollen, especially in the case of Aroidea*, and also at. the 
period of germination, has been already considered (% 475, 47(>, Ac.) 
These phenomena appear to be strictly of a chemical nature, and may 
be traced to the absorption of oxygen, and its combination with the 
carbon of the starch, the latter Wing converted into dextrine and 
grape sugar. It is now proposed to consider the observations which 
have been made relative to the general temperature of plants. 


* For further observations on Irritability, see Dutroehet, Recherches Aimt. et Physiol, sur la 
Structure in time ties Auimaux et Vogetaux, Morren on the movements of the leaves of 

Oxalis ; on the movement of the style of doldfussia anisophylla, and of the column of Stylidiuro. 
in Bulletin. Acad. Roy. de Bruxelles, tom iv. v. vl. and xii. Thuret and Dec&isne on the move- 
ments of spores, in Annales des Sciences Naturelles, 
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668. Great differences of opinion liave prevailed as to the existence 
of a proper heat in plants. Hunter examined the heat, of the inter- 
nal parts of the trunks of trees by boring holes of different depths in 
them, and inserting thermometers ; and similar experiments were made 
by Schubler at Tubingen. The results of these experiments were, 
1st. That the temperature of trees is higher than that of the air in 
winter, and lower in summer; 2d. That the temperature corresponds 
to the depth in the soil to which the roots penetrate; and, 3d. That 
it depends on the temperature of the fluid matters taken lip by the 
roots, as well as the bad conducting power of the wood of the trees. 
Dutrochet instituted a series of experiments to determine the tempera- 
ture of the growing parts of plants. lie found, by means of a ihermo- 
eleetric apparatus, that this varied from two or three- tenths of a 
degree, to one degree above that of the air. This generation of heat 
only takes place when the plant is active and vigorous, and seems to 
be connected with processes going on in the interior of the cells. It 
reaches a daily maximum, the period of which varies in different plants, 
according to their vigour. Kameaux has confirmed Dutrochets ob- 
servations. There appear, therefore, to be two sources of heat in 
plants, one depending on organic actions carried on in the growing 
parts, and the other on meteorological influences, which either act 
directly through the air, or indirectly through the Uuid matters 
brought up from a certain depth in the earth.* 


-LUMINOSITY OF PLANTS. 

669. Luminous appearances have been observed in certain plants. 
These have been long noticed in the lower classes of plants, such as 
Fungi. Decaying wood, in which Fungi are developed, is sometimes 
luminous. Mr. James Drummond describes some species of Agaric, 
near the Swan Liver, growing on the trunks of Banksias and other 
trees, which emitted at night a phosphorescent light sufficient to 
enable him to read. A phosphorescent Agaric, with the upper sur- 
face of the pileus black, while the centre and gills were white, was 
noticed by him on the trunk of a dead Eucalyptus occidentalis. The 
Agaricus Gardneri, found in Brazil, gives out a light of a pale greenish 
hue, similar to that of fire-flies. It is found growing on a Palm, and 
is called Flw % de Coco . Delilc found luminosity in the Agaricus 
olearius, near Montpelier. In the coal mines of Dresden, certain 
Lhizomorphous fungi have long been celebrated for the light which they 
emit. The spawn of the Truffle (Tuber eibarium) is said to present 


* For further remarks on the subject of Vegetable Heat, see Rameaux’* papers in the An- 
males dcs Sciences Natu relies, January, 1843. Scbuhler’s experiments in Foggendorff Annaleii, 
x. 592; translated in Thomson’s Chemistry of Vegetables, p. 959. Dutrochet, Ann. deft Se. Nat. 
(n. s.) tom. xii. Gardner in Linn. Trans, for Dec. 1841, and in Philosoph. Mag. for duly, 1842. 
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similar appearances. Some have said that the luminosity of these fungi, 
as well as of decaying wood, is increased by exposure to oxygen gas. 
Some consider it as connected with the absorption of oxygen, being 
in reality a slow spontaneous combustion ; while, according to others, 
it is referable to the liberation of phosphorus from some of its com- 
binations in the plant. 

070, These luminous appearances are said not to be confined to fungi. 
The younger Linnaeus states, that the flowers of Nasturtium, Orange 
Lily, and African Marigold, at the end of a hot summer day, give out 
intermittent light. Mr. Dowden and Mr. James confirmed this by 
observations on the common Marigold and Papaver pilosum ; while 
other observers have noticed the phenomena in the Sun-flower, French 
Marigold, species of (Enothera, and Arum. It. is to be remarked, that 
the flowers said to be thus luminous, arc all of a more or Jess orange 
colour, and that the phenomenon takes place in still warm summer 
evenings towards twilight. Ilcnee, Professor Allman is disposed to 
attribute them to optical illusions, depending on a peculiar intermit- 
tent effect on the retina. Some authors mention the occurrence of 
luminous sap in plants with milky juices, as the Euphorbia phosphorca 
of Brazil A rhizome of an endogenous plant from India, is said, when 
moistened, to acquire a phosphorescent appearance, and to lose this 
property when dry. 


4 *— COLOURS OF TLANTS. 

07 1. Colour is not of much importance in botany as regards classi- 
fication and arrangement. It is chiefly in the case of Fungi that it is 
employed as a means of diagnosis. Perhaps the want of an accurate 
nomenclature of colours in botany may have in part led to this. Mir- 
bel and Ilenslow have proposed a nomenclature, which consists in 
referring all. natural colours to certain absolute tints and shades, deter- 
mined according to fixed laws. Thus, the latter assumes three prim- 
aries, as red, blue, and yellow, which together give white light, and 
derives all others from admixtures of these in definite proportions. 
On this principle he has constructed a chromatometer (%£w/ 4 a, colour, 
and /i&rgcv, a measure), or measure of colour, the employment of which 
would lead to an accurate nomenclature. 

67 2. It lias already been remarked, that the green colour of the 
leaves, young bark, calyx, and carpels, depends on the presence of 
chloropliylle (f 19). This waxy substance is contained in the deep 
cells or mesophyllum of leaves, and depends on the action of light for 
its elaboration. When leaves are grown in darkness, they become 
colourless from the absence of clilorophylle. Light acts by the fixation 
of carbon. The different rays of the spectrum appear to differ in their 
power of developing the green colour. Sencbier performed experiments 
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on the subject, by making tlie light pass through coloured media, and 
he was led to the conclusion, that while the yellow rays had the 
greatest effect on the growth of the plant, the blue and chemical rays 
were those chiefly concerned in the production of the green colour. 
Hunt seems to agree with Senebier. Other experimenters, however, 
as Morrcn, Daubeny, Draper, and Gardner, think the yellow rays are 
the most active in producing the green colour. The following table 
shows the result of some of Gardner’s experiments. The rays are 
denominated active or inactive in relation to their power of producing 
a green colour, and the figures under each of them show their power 
in this respect, 1 being the highest value. The sign — indicates that 
the effect was not satisfactorily tested : — 


Ex. riants. 

Hours of 

Total 


Active ravs. 


Inactive 


sunshine. 

time. 

Red. Or. Y'el. 

Gr. 

1H. 

In. 

/io 

1. Turnips. 

‘>2 

109 

... 4 

2 1 

3 

... 0 

0 

0 

2. Beans... 

....14 ... 

95 

... — 

2 1 

3 

... 0 



— 

3. Turnips., 

.... 8 ... 

09 

... 4 

2 1 

3 

... — 

— . 

— 

4. Turnips., 

....23 ... 

101 

... — 

— — 

1 

... 0 

0 

0 

5. Turnips.. 

....17*5 ... 

52 

... — 

2 1 

3 

... 4 

0 

0 

6. Turnips., 


0 

... 4 

2 1 

3 

... 0 

0 

0 


G73. The ray producing the green colour is found to be that which 
acts most efficiently on the decomposition of carbonic acid, as shown 
by the following table : — 


Places of spectrum 

Production of 

Decomp, of 

Illuminating 

examined. 

clilorophylle. 

002. 

power. 

Extreme Red 

0-000 

. o oooo .. 

... ooooo 

Commencement of Orange.... 



. *5500 .. 

— 

Centre of Orange 

*777 

— 

— 

Centre of Yellow 

1-000 

. 1-0000 .. 

... 1*0000 

Centre of Green 

.. *583 



Centre of Blue 

-100 

. 

... 


674. The green colour becomes lighter or deeper according to the 
quantity of chlorophyll e and the aggregation of the cells. It is usually 
paler on the lower sides of leaves. The dark shades of green in the 
Yew, Bay, and Holly, are the effect of* an immense crowding together 
of green colls. 

675. As light decreases in autumn, the clilorophylle, in many cases, 
diminishes, and is probably altered by the loss of* a portion of carbon. 
Thus, Evergreen leaves become of a paler colour, and deciduous leaves 
assume various hues, commonly called autumnal tints. The loaves of 
the Poplar, Ash, and Beech, before falling, become yellow ; those of 
some species of films, bright red ; those of Oornus sanguinea, dull red ; 
those of the Vine, yellow and purple. Berzelius states, that the leaves 
become redin plants having red fruits. Iiobinet and Guibourt main- 
tain that the Vines which produce bluish grapes, have red leaves 
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in autumn, while sucli as produce white grapes have yellow leaves. 
These yellow and red colours by some are said to depend on changes 
in the state of oxidation of the chlorophylle, and have been traced by 
others to the production of peculiar waxy substances, one red, called 
erythrophtflle , the other yellow, xanthopht/Ue. Marquart believes that 
the action of water on chlorophylle, in different proportions, gives rise 
to yellow and blue matters. Ellis supposed the change of hues to be 
due to the prevalence of acid and alkaline matters. 

676. Dr. Hope endeavoured to show that there is in plants a colour- 
able principle, chromogm colour, and ymd^ to generate), con- 

sisting of two separate principles, ouc of which forms a red compound 
with acids, while the other forms a yellow with alkalies, and lie attri- 
butes the green colour produced by the latter to the mixture of the 
yellow matter with the blue infusion. The two principles, according 
to him, may exist together, or separate, in different parts of the same 
plant. In some very fleshy leaves, as Agave, the central cells are 
pale, while those* of the cuticle are coloured and much thickened. 
Although leaves arc usually of a green colour, still they frequently 
assume various tints. In certain varieties of’ Beech and Beet, they be- 
come of a uniform red or copper colour. In some cases, only one of 
the surfaces of the leaf is coloured, as in many species of Begonia, Saxi- 
iraga, Cyclamen, and Trade ‘scant ia, in which they are green above and 
red or brown below; while in others there is a variation of colour, giving 
rise to variegation, as in Aueuba japoniea, Carduus marianus, and Cala- 
theu zebrinn, where there are yellowish spots, or in many Arums, where 
they are of a red colour. The whitish or brown spots which occur on 
leaves, an* often produced by thickened cells containing peculiar colour- 
ing matter, underlying the chlorophylle cells. In such cast's, variega- 
tion might be traced to an alteration in the epidermal cells, and the 
same is true of certain bright colours assumed by tin* surfaces of some 
leaves. The juices of many plants arc colourless when contained in 
the vessels, but become milky or coloured by exposure to the air. 
Thus, the sap of (Euan the croeata becomes yellow, that of Chelidoniun 
orange, that of Madder changes from yellow to red, and that of some 
Boletuses becomes blue or bluish-green. In some instances, the changes 
have been prevented by keeping the cut or broken surfaces in nitrogen 
or hydrogen, or carbonic acid, and thus preventing their exposure to 
oxygen. It is said, however, that the change of colour in the Madder 
does not take place in pure oxygen. 

677. The bark, at first green, becomes often of a brown colour from 
the thickening of the cell -walls, as well as the deposition of brown 
matter. Similar changes take place in the woody fibres, giving rise 
to the coloured duramen of many trees, as the Laburnum, Guaiac, 
Ebony, &c. Such changes, however, depend on chemical actions going 
on in the interior of stems, and are not due to the direct influence of 
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the air. The colour of wood, however, is generally deepened when 
exposed to the atmosphere. 

678. The red, blue, and yellow colours of flowers depend on fluid or 
semifluid matters contained in superficial cells, which can be detached with 
the cuticle. This coloured cellular tissue is called by Nourse the Rete, 
and lies immediately below the epidermis. In tliis respect these colours 
difier from the green colour in the leaf which is confined to the central 
cells, and which, as already stated, owes its origin to a granular matter of 
a peculiar nature. In petals, different cells frequently contaiu different 
kinds of colouring matter, thus giving rise to variegation. By the 
juxta-position and mechanical mixture of various cells, different tints 
are produced ; and the colours are also modified by the nature of the 
cuticle through which they are seen. In the interior of petals, the 
colour is generally more or less yellow, but it is modified when seen 
through superficial cells. Along with the colouring matter, there is a 
colourless substance present, the relative quantity of which v;iries, and 
hence the colour may be deeper or fainter. In (lowers as well as in 
leaves, the colours appear to depend on Ihe action of light. It has been 
said, however, that the powerful action of solar light, in some cases, 
tends to decolorize flowers. Hence, tulips are screened by floriculturists 
from the direct rays of the sun. The leaves of herbaceous plants 
also, when exposed to the direct rays of the suu, do not acquire so 
deep a green as when they are subjected merely to a bright daylight. 

6711. The colours of flowers have been arranged in two series: — 
1st. The xanthic (Javtlog, yellow) or yellow ; and, 2d. The cyanic (xvavog, 
blue) or blue ; aud it has been shown that plants in general may be 
referred to one or other of these series, while red is common to both 
series, and green, as composed of blue and yellow, is intermediate be- 
tween them. White is considered as depending on absence or extreme 
dilution of the colouring principles, while brown or black depends on 
their accumulation or concentration. Even in white flowers there will 
be seen a slight admixture of a yellowish or bhiish tint. 


Cyanic ) 
series. ) 


Greenish -blue. 
Blue. 

Violet-blue. 

Violet. 

Violet-red. 

Red. 


Green. 

I Yellowish-Green. 
Yellow. 

Orange-yellow. 

Orange. 

Oraugc-red. 

Red. 


Xanthic 
( series. 


680. Some starting from greenness, as a state of equilibrium between 
the two series, pass through the blue and violet to red, by a process of 
oxidation, while, the transition from red to orange and yellow lias been 
traced to deoxidation. As illustrations of the cyanic series may be 
mentioned, all, or nearly all, the species of Campanula, Phlox, Epilo- 
bium, Hyacinth, Geranium, Anagaliis ; of the xanthic series, Cactus, 
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Aloe, Gytisus, Oxalis, Rose, Verbascum, Potcntilla, CEnothera, Ranun- 
culus, Adonis, Tulip, Dahlia. 

G81. Plants belonging to either series, vary in colour usually by 
rising or falling in the series to which they belong, and not by passing 
from one to the other. Thus, a plant belonging to the blue series 
does not usually become yellow, nor does one in the yellow series 
change into a pure blue. This remark will not apply in all cases, 
although it is generally true. It cannot be said to hold good in 
regard to genera, as at present determined ; thus, in the genus Gentian, 
there are blue and yellow species. It seems, however, to be applicable 
to individual species; thus, the Dahlia belonging to the yellow series 
has been made to pass to all varieties of that series, but has never 
been produced of a blue colour; so also with the Tulip, the Rose, &c. 
Even in the case of species, however, there are anomalies. liras, the 
rule does not apply to such plants as Myosotis versicolor and Dendro- 
bium sanguine] ent tun, where there arc different yellow and blue colours 
on the corolla. Notwithstanding, however, all the exceptions, the 
general law already mentioned as to the variation of colour in flowers, 
seems to be founded on correct observations. 

(182. Changes are produced in the colour of flowers, by bruising and 
injuring the petals. '11 k* pure white flowers of Camellia easily become 
brown, while those of Cal an the vcratrifolia and Bletia Tankervilla 1 
assume a deep blue. By drying, many flowers become of a brown or 
black colour: this is particularly the case with Orchidaccap, Melam- 
pyrum, and Orobus niger. It would appear to depend on the com- 
bination between the colouring principle and the oxygen of the air, 
and may in some cases be traced to the existence of tannin, gallic acid, 
and iron. Blue flowers, under the process of desiccation, are often 
whitened. Ipomcca Learn, in drying, changes from blue to red. 

G83. Remarkable changes take place in the colour of some flowers 
during the course of the day. The flowers of the common pink Phlox, 
early in the morning, have a lightish blue colour, which alters as the 
sun advances, and becomes bright pink. The CEnothera tetraflora has 
white flowers which change to red. Hibiscus variabilis has its flowers 
white in the morning, pink at noon, and bright red at sunset. The 
colour of many flowers of Boraginaeea*, before expansion, are red ; after 
expansion, blue. The bracts of Hakca Victoria are yellowish-white in 
the centre the first year; the second year, what was white becomes a 
rich golden yellow ; the third year, the yellow becomes rich orange ; the 
fourth year, the colour becomes blood-red ; the green portion of the 
bracts becomes annually darker. It has been stated that soils have an 
effect on the colour of flowers. The flower of the common Hydrangea 
hortensis may be changed from pink and rose-coloured to blue, by 
growing the plant in certain kinds of* loam and peat earth. Alum in 
the soil is said to produce a similar effect. 
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684. Kohler and Scliubler have endeavoured to determine the 
relative proportions between the different colours met with in flowers. 
They examined upwards of 4000 species, belonging to twenty-seven 
natural orders, of which twenty were dicotyledonous, and seven mono- 
cotyledonous. The following are some of their conclusions : — 


1. White 111)3 

2. Yellow 951 

3. Red 923 

4. Jllue 594 

5. Violet 307 


0. Green 153 

7. Orange 50 

8. Urown 18 

9. Nearly Black 8 


085. The proportion of white, cyanic, and xanthic flowers varies in 
different quarters of the globe, and at different elevations. The fol- 
lowing are the proportions of colour in different natural orders, deduced 
from the examination of about 120 species of each : — 

Red. Violet. Blue. Omni. Yel. Orange. White. 


Nympha'accic 11 — 14 — 28 — 46 

Rosacea? 32 1 — — 52 — 40 

Priinulaeoas 41 7 6 2 15 10 27 

Boraginacepc... 10 9 28 3 13 1 35 

Ooiivolvnlame 39 10 12 7 2 27 

Ranurieulaecsc ..16 4 15 2 42 1 19 

Papaveracea* 38 9 — — 36 7 7 

Oarnpanulacea’ 5 21 58 — 3 1 10 


Thus, Nymphroacefe and Kosacae, according to Scliubler and Kohlers 
observations, contain a large number of white flowering species ; Primu- 
la cea* and ('onvolvulacete, red; Campanula, cea?, blue ; Eammculacea*, 
yellow. 

080. In arranging flowers in a garden, it is of importance to place 
the complementary colours together in order to produce the best effect. 
The complementary colour of red, or that which is required to make 
white light, is green ; of orange, blue ; of yellow, violet ; consequently 
blue and orange coloured flowers, yellow and violet, may be placed 
together; while red and rose-coloured flowers harmonize well with their 
ovm green leaves. When the colours do not agree, the interposition 
of white often restores harmony. 

5. — ODOURS OF FLOWERS. 

087. The peculiar odours of plants depend on various secreted 
volatile matters, which are often so subtile as to be incapable of detec- 
tion by ordinary chemical means. Nothing is known of the causes 
wliich render one flower odoriferous and another scentless. In some 
cases the odours of plants remain after being dried, but in general they 
disappear. Some leaves, as of the Woodruff, become scented only 
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after drying ; and certain woods, as TencrifFe rosewood, give out their 
odour only when heated by friction. Meteorological causes have a 
great influence on the odours of living plants. Dew, or gentle rain 
with intervals of sunshine, seem to be the circumstances best fitted for 
eliciting vegetable perfumes. Light has a powerful effect on the odour 
as well as the colour of flowers. Plants, when etiolated by being kept 
in darkness, generally lose their odour. In certain cases, the perfumes 
of flowers are developed in the evening. Some of these plants were 
called tristes by Linnams, as Hesperis tristis, or night-scented stock. 
Many orchidaceous plants are fragrant at night only, as some Oatase- 
turns and Oymbiditims. Oestrum liocturnum and the white flowers of 
Lychnis vespertina are also night-scented. The odours of some plants 
are peculiarly offensive. This is the case with Phallus iinpudicus, and 
with the flowers of many Stapelias. 

088. SchubJor and Kohler, whose investigations in regard to colour 
have been noticed, have also made observations on the odours of 
plants in the same inonocotyledonous and dicotyledonous orders. The 
following tables show some of their results: — 


Colour. 

No. of 
species. 

Odoriferous. 

Ajjpreeable. 

Disagreeable 

White 

1193 .. 

187 

.... 175 .. 

12 

Yellow 

951 .. 


(11 .. 

14 

Rod 

923 .. 

85 

7G .. 

9 

Blue 

594 .. 

31 

23 .. 


Violet 

307 .. 

23 

17 .. 

G 

Green 

153 .. 

12 

10 .. 

2 

Orange 

50 .. 

»> 

1 .. 

2 

Brown 

18 .. 

1 

0 .. 

...” 1 


Thus, of the plants examined, those having white flowers presented 
the larger proportion of odoriferous species. The orange and brown 
coloured flowers often gave a disagreeable odour. In examining 
numerous species from various natural orders, they found that out of 
100 species of — 

Nyinph&acesc. 

Rosacea'. 

Primula ceae... 

Bornginaceie .. 

ConvolvulaccK 
Ranuuculacoao 
Papaveracese . 

Oarnpanulacea? 


.22 were odoriferous. 

13 

12 

G 

4 

4 

0 

1 


6. — DISEASES OF PLANTS. 


f> 89. Great, obscurity attends this department of botany, and much 
remains to be done ere a system of vegetable nosology (iwros, disease) 
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can be completed. It is, however, of great importance, whether we 
regard its bearing on the productions of the garden or the field. Some 
have divided the diseases of plants into general , or those affecting the 
whole plant, and local, or those affecting a part only. A better 
arrangement seems to be founded on their apparent causes, and in 
this way they have been divided by Lankester into four groups. 1. 
Diseases produced by changes in the external conditions of life ; as 
by redundancy or deficiency of the ingredients of the soil, of light, 
heat, air, and moisture. 2. Diseases produced by poisonous agents, 
as by injurious gases, or miasmata in the atmosphere, or poisonous 
matter in the soil. 3. Diseases arising from the growth of parasitic 
plants, as Fungi, Dodder, Ac. 4. Diseases arising from mechanical 
injuries, as wounds and attacks of insects. 

690. Plants are often rendered liable* to the attacks of disease by 
the state of tlie.ir growth. Thus, cultivated plants, especially such as 
become succulent by the increase of cellular tissue, appear to be 
more predisposed to certain disease's than others. Concerning the 
first two causes of disease very little is known. Absence of light 
causes blanching , which may be looked upon as a diseased state of the 
tissues. Excess of light may cause disease in plants whose natural 
habitat is shady places. Excess of heat is sometimes the occasion 
of a barren or diseased state of some of the organs of the fiowers, and 
frost acts prejudicially on the leaves, stem, and fiowers. By excess 
of moisture, a dropsical state of the tissue is induced. 

691. Concerning the inlluence of atmospheric changes on plants, 
very little has been determined. Many extensive epidemics seem to 
depend on this cause. Thus, the late potato disease must be traced, 
apparently, to some unknown miasma conveyed by the air, and 
operating over large tracts of country ; the disease probably affecting 
some plants more than others, according to their state of predisposition, 
and in its progress leading to disorganization of tin* textures, alteration 
in the contents of the cells and vessels, and the production of Fungi, 
Ac. In the early stage of the disease, a brown granular matter was 
deposited in the interior of the cells, beginning with those near the 
surface. For some time the cell walls and starch grains remained 
uninjured, but were? ultimately attacked, the funner losing their trans- 
parency, and the latter becoming agglomerated in masses. Subse- 
quently to this, parasitic organisms of various kinds made their appear- 
ance, cavities were formed, and rapid decay took place. Among the 
vegetable parasites, were detected species of Fusisporium, Oidium, 
Botrytis, Capillaria, Polyactis, Ac. The prevalence of hot or cold 
weather, the amount of light and moisture, changes in the; atmosphere, 
and electrical conditions of the air and earth, are 1 in all probability 
connected with epidemic diseases. By some, the late potato disease 
is attributed to suppressed evaporation and transpiration, depending 
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on the hygrometric state of the atmosphere. The vessels and cells are 
said to become charged with fluids, stagnation of the circulation takes 
place, and thus disease and death are induced.* 

092. Gangrene in plants, is caused by alterations in the contents of 
the cells, leading to death of a part. In succulent plants, as Cactuses, 
this disease is apt to occur. Sometimes excision of the diseased part 
checks the progress of the gangrene. Canker, which attacks Apple 
and Pear trees, is a kind of gangrene. Some of the most important 
diseases of corn and other agricultural crops, are* owing to the pro- 
duction of Fungi. These have been divided into, 1. Those attacking 
the grain, as IJredo hetida, or pepper-brand. 2. Those attacking the 
flower, as Uredo segetum, or smut. 3. Those attacking the leaves and 
chalf, as Uredo Kubigo, or rust. 4. Those attacking the straw, as 
Puccinia graminis, or corn mildew. 

693. Smut-balls, pepper-brand , or blight, is a powdery matter, occu- 
pying the interior of the grain of wheat, &c. When examined under 
the microscope, it consists of minute 1 Kills, four millions of which may 
exist in a single grain, and each of these contains numerous excessively 
minute sporules. It is caused by the attack of IJredo Caries, or 
fuitida. In this disease the seed retains its form and appearance, 
and the parasitic fungus has a peculiarly Fetid odour, hence called 
stinking rust. 

694. Smut or dust-brand is a sooty powder, having no odour, found 
in Oats and Parley, and produced by Uredo segetum. The disease 
shows itself conspicuously before the ripening of the crop. Bauer 
says that in i (( oVoT) part of a square inch he counted 49 spores of the 
uredo. 

693. Rust is an orange powder, exuding from the inner chaff scales, 
and forming yellow or brown spots and blotches in various parts of 
corn plants. It owes its presence to the attack of Uredo llubigo. It 
is sometimes called red gum, red robin, red rust, and red rag. Some 
consider Mildew (IJredo linearis) as another state of the same disease. 

690. Those Fungi which arc* developed in the interior of plants, and 
appear afterwards on the surface, are called entophytic (svrbc, within, 
and <pvrbv, a plant). Their minute sporules are either directly applied 
to the plants entering by their stomata, or they are taken up from the 
soil. Many other Fungi grow pararitically on plants, and either give 
rise to disease, or modify it in a peculiar way. Among them may be 
mentioned species of Botrytis, Fusisporium, Dcpazia, Sclerotium, Fu- 
sarium, and Erysiphe. Fusisporium solani is considered by Martius 
as the cause of a certain disease in the Potato. In the recent potato 
disease, the Botrytis infestaus, a species of Fusarium and other Fungi, 
committed great ravages, spreading their mycelium or spawn through 

* See remarks on this subject by Klotzsch, translated by Gregory, in the Appendix to Liebig’s 
work on the Motion of the J uices. London, 1848. 
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the cells of the leaves and the tubers, and thus accelerating their de- 
struction. Berkeley, Morren, and Townley, consider the Bo try t is as 
the cause of the disease. Various species of Botrytis also attack the 
Tomato, Beet, Turnip, and Carrot. A species of Depazia sometimes 
causes disease in the knots of Wheat. A diseased state of Rye and 
other grasses, called mjot, owes its production to the presence of a 
species of Spermoedia. By the action of the fungus, the ovary becomes 
diseased and altered in its appearance, so as to be dark-coloured, and 
project from the chaff in the form of a spur. Hence the name spurred 
rye. The nutritious part of the grain is destroyed, and it acquires 
certain qualities of an injurious nature. Spontaneous gangrene is the 
consequence of living for some time on diseased rye. Ergot has been 
seen in Lolium perenne and arvonse, Festuca pratensis, Bid cum pra- 
tense, Dactylis glomerata, Anthoxantlium odoratum, Phalaris arun- 
dinacea, &c. 

697. Fruits when over-ripe lire liable to attacks of Fungi, which 
cause rapid decay ; wood also, especially Alburnum or sap-wood, is 
injured by the production of Fungi. Dry rot is the result of the 
attack of Merulius lacrymans, which in the progress of growth de- 
stroys its texture, and makes it crumble to pieces. Some kinds of 
wood are much more liable to decay than others. 

G98. The diseases caused by attacks of Fungi may be propagated 
by direct contact, or by the diffusion of the minute spores through the 
atmosphere. When we reflect on the smallness of the spores, the 
millions produced by a single plant, and the facility with which they 
are wafted by the wind in the form of the most impalpable powder, 
wc can easily understand that they may be universally diffused and 
ready to be developed in anyplace where a nidus is afforded. Perhaps 
some of the diseases affecting man and animals may be traced to such 
a source. Quekett found that he could propagate the ergot by mix- 
ing the sporules with water, and applying this to tin* roots. 

690. In order to prevent these diseases, it has been proposed to steep 
the grains in various solutions previously to being sown. For this 
purpose, alkaline matters and sulphate of copper have been used. In 
all cases, the seed should be thoroughly cleansed. Smut and pepper- 
brand have been averted by these means. In the case of the latter, 
diseased grains are easily removed by being allowed to float in water, 
and the grains which remain are washed with a solution of lime, com- 
mon potash, or substances containing ammonia, which form a soapy 
matter with the oil in the fungus. A weak solution of sulphate of 
copper acts by destroying the fungus. To prevent wood from dry rot, 
the processes of kyanizing and bumetizing have been adopted : the 
former consists in making a solution of corrosive sublimate enter into 
the cells arid vessels ; the latter, in impregnating the wood with a 
solution of cliloride of zinc. Creosote has also been used to preserve 
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wood. Boucherie proposed that a solution of pyrolignite of iron 
should be introduced into trees before being felled, by making perfora- 
tions at the base of* the trunk, and allowing the absorbing power of the 
cells and vessels to operate. This plan does not appear to have been 
successful, although reported favourably to the French Academy, and 
also recommended by Mr. Hyett. 

700. Other diseases in plants owe their origin to insects. Earcoclcles , 
purples, or pepper- corn, is a disease affecting especially the grains of 
wheat. The infected grains become first of a dark green, and ulti- 
mately of a black colour. They become rounded like a small pepper- 
corn, but with one or more deep furrows on their surface. The glumes 
spread open, and the awns become twisted. The blighted grains are 
full of a moist, white cottony matter, which, when moistened and put 
under the microscope, is seen to consist of a multitude of minute in- 
dividuals of the Vibrio tritici, or eel of the wheat. The animalcules 
deposit their eggs in the ovary, and their young are hatched in eight 
or ten days. Ilenslow calculates that 50,000 of the young might be 
packed in a moderately sized grain of wheat. The Vibrio retains its 
vitality long. It, will remain in a dry state for six or seven years, and 
when moistened with water will revive?. The Wheat-fly, or Ceeidomyia 
tritici, is another destructive inject. It deposits its eggs by means of 
a very long retractile, ovipositor, and is seen abundantly in warm even- 
ings. The Ceeidomyia destructor, or Hessian fly, also causes injury, 
and is said to be very destructive to wheat in America- These insects 
are destroyed in numbers by the Ichneumons, which deposit their ova 
in their bodies. The Apple-tree mussel, or dry-scale, Aspidotus con- 
chiformis, attacks tin* bark of Apples, Pears, Plums, Apricots, and 
Peaches. Many of the Coccus tribe are highly injurious to plants. 
One of this tribe, in 1843, destroyed the whole orange trees in the island 
of Fay al, one of the Azores. Many insects cause the rolling up of leaves. 
Tortrieida viridana acts thus on the leaves of the Oak, and various 
species of Lose lamia do so with other trees. Sacchiph antes abietis is 
the aphis which causes the leaves of the Spruce-fir to be united together, 
so as to have the appearance of a cone. 

701. Many insects, called miners, make their way into the interior 
of leaves, and hollow out tortuous galleries, sometimes causing an 
alteration in the colour of the leaves. Galls are caused by the attacks 
of species of Cynips, which are provided with ovipositors, by means of 
which they pierce the bark or leaves with the view of having a nidus 
for their ova. These galls are very common on the Oak, and are 
called oak-apples. Sometimes they have one cavity, at other times 
they arc divided into numerous chambers, each containing a grub, 
pupa, or perfect fly, according to the season. Galls are produced on 
the twigs, catkins, and leaves of the Oak. Hie artichoke gall of the 
Oak depends on an irregular development of a bud, caused by the 
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at-tack of insects, and consists of a number of leafy imbricated scales 
resembling a. young cone. On examining the galls of commerce, the 
produce of the Quercus infectoria, some are of a blue colour, containing 
the larva of the insect ; others are pale, and fire marked with a perfora- 
tion by which the insect has escaped. Extensive ravages are committed 
in Elms and other trees by the attacks of Scolyti. The presence of 
much moisture, such as the rapid flow of sap, destroys them. Mr. 
Robert found that the flow might be promoted by biking off the sub- 
crous layer of ihe bark, and he proposes this as a method of getting rid 
of the insects. Some galls are formed in the substance of leaves, and burst 
through the cuticle in the form of ovate, bodies, with crenatc borders 
and opercula, which arc perforated in the centre. Those galls resemble 
parasitic fungi. Oak-spa nyles are galls of this nature. They are at- 
tached by a central point to the under surface of the loaf, the inner 
side being smooth — t.h(' outer red, hairy, and fringed. Each contains a 
single insect, which retains its habitation till March, long after the 
leaves have fallen to the ground. 

702. It is impossible in this place to enumerate all the insects which 
attack plants. Almost every species has certain insects peculiar to it, 
which feed on its leaves, juices, &o., and often cause great injury. 
Those which are common to hothouses and greenhouses, have called 
for the special attention of horticulturists, and various means have 
been suggested for their removal or prevention. Among them may 
be enumerated, vapour of tobacco and ammoniacal liquor of gas-works, 
to kill aphides; vapour of sulphur, for the, red spider; vapour of tur- 
pentine, for the was]>; vapour of crushed laurel leaves, for the white 
bug ; coal-tar, for the wire-worm, &c.* 

r For further remarks on the Diseases of Plants, see IJonsluw's paper in the Journal of the 
Royal Agricultural Soeietv of England. 
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SYSTEMATIC BOTANY, TAXONOMY, OR THE 
CLASSIFICATION OF PLANTS. 

CHAPTER J. 

SYSTEMS OF CLASSIFICATION. 

703. This department of Botany may Ik* considered as a combina- 
tion of all the observations made on the structure and physiology <>1‘ 
plants, with the view of forming a scientific arrangement. It can only, 
therefore, be prosecuted successfully after the student has acquired* a 
complete knowledge of Organography. In every branch of science, 
arrangement is necessary in order that the facts may be rendered avail- 
able, and this is more especially the case when a knowledge of species 
is to be acquired. When it is considered that there are upwards of 
1 00,000 known species of plants, it is obvious that there must bo a 
definite nomenclature and classification, were it only to facilitate* refer- 
ence and communication. Taxonomy has sometimes been pursued 
with no higher aim than that of knowing the names of plants. When 
prosecuted in such a spirit, it docs not lead to an enlarged aud philoso- 
phical view of the vegetable kingdom. In all truly scientific systems, 
regard is paid, not merely to the determination of the* names of the 
species, but to their relations and affinities, so as to give some concep- 
tion of the order which lias been followed in the plan of creation. 

704. In Classificatory Sciences, the arrangements are founded upon 
an idea of likeness — an idea, however, which is applied in a more exact 
aud rigorous maimer than in its common and popular employment. 
The resemblances of the objects must rest, not on vague generalities, but 
upon an accurate scientific basis. In order that an arrangement may be 
constructed on philosophical principles, and that it may be rendered 
useful for the purpose of science, the following steps are required : — 

3 . A Technical ( rzyjntbg , artificial or conventional) language, rigorously 
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defintMl, or what is termed Glossology (yXZffm, a tongue or language, 
and koyog, a discourse), and Tcrmonology (rsg/ub&jv, -ovog, a termination). 
r fhe meaning of the terms in this descriptive language must not depend 
on fancied resemblances, but must have a precise definition, and be 
constant. In acquiring a knowledge of the conventional terms, or of 
the, vocabulary of the science, the student at the same time fixes in 
his mind the perceptions and notions which these terms convey, and 
thus, in reality, becomes acquainted with important elementary facts. 
2. A Plan of the system, or the principles on which the divisions and 
subdivisions of the system are made, Diataxis (b/dra^/g, orderly arrange- 
ment), or what is properly called Taxonomy (ru^tg, order, and vo/uog, 
law). There have been two great plans proposed in Botany, one 
denominated artificial, the other natural. The first is founded on 
characters taken from certain parts of plants only, without reference 
to others ; while the second takes into account all the parts of plants, 
and involves the idea o i' aj/init/f in essential organs. 3. There must be 
also the means of detecting the position of a plant in a system bv short 
diagnostic marks. In doing so, a few essential characters are selected 
in accordance with natural affinities. The division into genera is a 
most valuable help in determining plants. Linnauis did great service 
to science by his generic divisions, and by adopting a binomial (/>w, 
twice, and nomen, a, name) system of nomenclature, in which the genus 
and species are included in the name* of the plant. 

7 Of). Species. — ISO classification can be made unless the meaning of the 
term species is defined. By species, then, are meant so many individuals 
as are presumed to have been formed at the creation of the world, and 
to have been perpetuated ever since. A species embraces individuals 
which resemble each other more closely than they do any other plant, 
so that they are considered as originating from a. common parent ; and 
their seeds produce similar individuals. There may be difierences in 
size, colour, and other unimportant respects; and thus varieties may 
exist, exhibiting minor difierences, which are not, however, incom- 
patible with a common origin. Varieties owe their origin to soil, expo- 
sure, and other causes, and have a constant tendency to return to the 
original type. They are rarely propagated by seed, but can be per- 
petuated by cuttings and grafts. By cultivation, permanent varieties 
or races have been produced, the seeds of which give rise to individuals 
varying much from the original specific type. Such races are kept up 
entirely by the art of the gardener, and may be illustrated in the case 
of the Cereal grains, and of culinary vegetables, such as Cabbages, 
Cauliflower, Brocoli, Turnips, Radishes, Peas. It is only after a 
series of years that these permanent varieties have been established, 
and there is still a tendency in their seeds, when sown in poor soil and 
neglected, to produce the original wild form. Permanent varieties in 
the auimal kingdom may be illustrated by the different races of man- 
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kind. By scattering the pollen of one plant on the pistil of an allied 
species, seeds arc formed, which, when sown, produce intermediate 
forms or hybrids (If 510). Hybrids, however, an 1 rarely perpetuated 
by seed. 

700. Many species vary in a remarkable manner, without any ex- 
ternal influences to account for it. Thus, a plant of Fuchsia has pro- 
duced, in successive years, flowers differing so much in form mid 
shape, that, if they had not been known to be produced by the same 
plant, they would have been considered as belonging to distinct species. 
Such is also the cast* with Calceolarias, some species of Amaryllis, and 
many Orchids. Hence there is sometimes considerable difficulty in 
determining what are true species, and what are only varieties, more 
especially when these* varieties are permanent and reproduce themselves. 
To this must in part be attributed the disputes which have arisen among 
botanists as to the species of many British genera, such as Boses, Bubi, 
Salices, and Hieracia. The following table shows the number of British 
species in some of the British genera, as given by different authors, 
and exhibits the uncertainty which still exists as to the limits of 
species : — 



Sali.x. Jlieraeium. 

Mentha. 

liosa. 

Kuhns. Saxifrapra. 

Hudson (1798)... 

1G ... 8 .. 

10 ... 

5 

... 5 ... 

9 

Smith (1824-128). 

G4 ... 18 .. 

13 ... 

22 

... 14 ... 

25 

l.iudlt'Y (1835)... 

39 ... 19 .. 

9 ... 

17 

... 21 ... 

24 

Hooker (1843).- 

70 ... 13 .. 

13 ... 

19 

... 14 ... 

10 

Babiugton (1843) 

57 ... 19 .. 

8 ... 

19 

... 24 ... 

20 

Watson (1844)... 


8 ... 

7 

... 34 ... 

10 

Babingtoh (1817 ) 

58 ... 21 .. 

9 ... 

19 

... 3G ... 

20 

707. It is only 

after a careful study of such forms during 

a series 


of years, that any conclusion can be drawn in regard to them. It is 
important to record all the varieties which occur, but great care is 
necessary not to raise to the rank of species what are men; accidental 
aberrant forms. Some have of late years advocated the doctrine of the 
transmutation of species, or the conversion of one species into another. 
It has been said, that. Oats may be changed into Bye, by being con- 
stantly cut down for a scries of years before flowering. Such state- 
ments are not founded on correct data, and have led to very erroneous 
views and doctrines, which have been recently promulgated with much 
apparent plausibility. All that has been observed in the vegetable 
kingdom leads to the conclusion, that there are distinct species which 
continue to be perpetuated by seed, and that, although these may vary 
within certain limits, there is always a typical form to which the 
varieties have a tendency to revert. By grafting and other horticultural 
operations, changes of a marked kind may be produced in fruits ; but 
the seeds of such fruit, when sown, give rise to individuals resembling 
the original stock — they perpetuate the typical form, not the artificially- 
produced variety. 
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708. Genera. — Certain species are more nearly allied than others, and 
are conveniently grouped together so as to form a distinct kind or genus. 
A genus then is an assemblage of nearly related species, agreeing with 
one another in general structure and appearance more closely than 
they accord with any other species. Tims, the various species of Roses 
compose one genus, which is distinguished by marked characters. 
Occasionally, a subgenus is formed by grouping certain species, which 
agree more nearly with each other in some important particulars than 
the other species of the genus. The characters of the genera are taken 
exclusively from the parts of fructification, while all parts of the plant 
furnish specific characters, in the name of a plant, the genus is given 
as well as that of the species. The latter was called by Linmvus the 
trivial name. Thus, a particular species of "Rose is called Ilosa spitm- 
smirna; the first being the germs, and the second the specific, or trivial 
name. As regards the definition of genera and species, and nomen- 
clature in general, no one has conferred so much benefit on science as 
the great Linnaeus. This may be considered as among his highest 
titles to fame. 

709. Orders. — Several genera agreeing in more general characters, 
although dilleriug in their special conformation, arc grouped together 
so as to form an order or faun///. As genera include allied species, so 
orders embrace allied genera. Subdivisions are also made to facilitate 
reference, so that suborders and tribes are formed consisting of cer- 
tain genera, more nearly related in particular characters than others. 
Thus, the order Rosacea*, or the Rose family, includes the genera 
Rosa, Rubus, PotentiLla, Fragaria, Primus, cfce., which all agree in 
certain general characters ; and the order is divided into various sub- 
orders, such as the true Roses, the Ainygdalea*., comprehending the 
Plum, Almond, Peach, &c. ; the Potcntillea\ embracing the Cinquefoil, 
Strawberry, Raspberry, &c. (If 854). 

710. Classes. — Orders having some general characters in common, 
are united together in classes , and subclasses are formed in the same 
way as suborders. This is the general plan upon which botanical 
classification proceeds. With the exception of tin*, individual species, 
all the divisions are more or less arbitrary. In making them, however, 
the object of the enlightened botanist is to follow what he considers 
to be the natural afHuitics, and thus to trace, as far as possible, the 
order which pervades the vegetable creation. 

711. Essential Charac ters. — Each of the divisions of a system are 
accurately defined, the characters being as short as is consistent with 
precise diagnosis. Such characters are called essential , and they em- 
brace only those points by which the group is distinguished from the 
others in the same section. The complete description of ail individual 
species, from the root to the flower and fruit., is called the natural 
character, and embraces many particulars which are not requisite for 
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the* purpose 1 of diagnosis. The essential characters of genera, -when in 
Latin, are put in the nominative case, while those of species arc in the 
ablative. 

712. $oim»iiGlAtiire. — The names of genera are variously derived, 
from the structure or qualities of the group, from the name of some 
eminent botanist, &c. ; while specific names have reference also to the 
country where the plant is found, the locality in which it grows, the 
form of the leaves, root, stem, or the colour of the flowers, &c. When 
a species is named in honour of its discoverer or describer, his name is 
put. in the genitive, as Carcx V ah lit, or the Carox detected by Valil; 
but. if it is merely in compliment to a botanist, his name is added in 
an adjective form, as Junijennannia Donuma , or a Jan genu arm in named 
in honour of Don, as a botanist. Sometimes two nouns are united in 
a specific name, as Dictamnux Fmxinclla . In such cases, the specific 
name is often an old generic one, has a capital letter prefixed, and 
does not necessarily agree in gender with the name of* the genus. The 
name of the orders in what is called the natural system, are derived 
from one of the typical genera included under them. 

713. Abbreviations and Symbols. — It is of great importance that 
correct descriptions should be given of species, for without them it is 
impossible to form the groups accurately. The difliculties of the 
taxonomist are often greatly increased by imperfect and careless 
descriptions. Valuable directions are given in Lindley’s Introduction 
to Botany, as to the proper method of describing plants. There are 
certain abbreviations in constant use among botanists, which it may 
be of importance to notice here. The authorities for genera and 
species are given by adding the abbreviated name of the botanist who 
described them. Thus, Veronica L., is the genus Veronica as defined 
by 1 dunams; Veronica arvensis L., is a certain species of Veronica, de- 
fined by the same author ; 0x9ft ropis DC., is the genus as defined by 
De Candolle. It. is usual in descriptive w<>rks to give a list of the 
authors, and the symbols for their names. The abbreviation v. s. sp., 
means vidi siccain spontaneam, or that the author has seen a dried wild 
specimen of the plant ; v. s. c., means vidi siccam cnltrm, or that he 
has seen a dried cultivated specimen ; v. v. s., means vidi vimvi $pon- 
taneam , or that he has seen a living wild specimen ; while v. v. c., 
means vidivivam cultam, or that the author has seen a living cultivated 
specimen. The asterisk prefixed to a name (*L.), indicates that there 
is a good description at the reference given to the work ; while the 
dagger (f L.), implies some doubt or uncertainty. The point of admira- 
tion (! DC.), marks that an authentic specimen has been seen, from 
the author named; and the point of interrogation (?) indicates doubts 
as to the correctness of genus, species, <SU\, according as it is placed 
after the name of the one or other. 0, O, ©, or A, annual; <?, ©0, 
(£’, or B, biennial; U, A, or P, perennial; h> 5* or Sh, shrub; 
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(, twining to the right; ), twining to the left; hermaphrodite ; 
j, male; 5 , female; S — ?, monoecious, or the male and female on 
one plant ; £ : $, dioecious, or the male and female on different plants; 
00 or x, moans indefinite in number. After the description of a 
plant, its habitat . , or the country and locality in which it grows, is 
given. If* the plant has been described by others, reference is given 
to the work in which the description may be found. If it has re- 
ceived different names, the K/fHow/mes must be carefully detailed, and 
ought to be arranged in chronological order. 

714. Systems. — Various attempts have been made at different limes 
to classify plants. One of the earliest methodical arrangements was 
that of Ga\salpinus, in lf>83. It was entirely artificial, and the same 
thing may be allirmed of those of (iesner, M orison, llivinus, and Tour- 
nofort. The system propounded by Tournefort, was for a long time 
adopted by the French school, but was ultimately displaced by that 
of Liunams, who must be looked upon as the great promulgator of the 
artificial method. I 11 1 ff 82, Kay published a system which laid the 
foundation of the natural method of classification. It was long 
neglected, and did not receive the attention it deserved, until Jussieu 
entered the field, and developed his views. Since that time, the 
natural method has been advanced by the labours of Do Candolle, 
Brown, Endlicher, Lindley, and many others. 

71 f>. Uiiviswiii Nystem.' — Although the Linnican system is not in 
conformity with natural affinities, and does not tend to comprehen- 
sive views of structure, still it is. useful to the student as an index. 
Linnivus himself did not consider it as occupying a higher position, 
and he stated distinctly that a natural method was the great object of 
scientific inquiry. When not elevated to a. rank which its author 
never meant it to occupy, this system may, with all its impel* feet ions, 
be employed as a useful artificial key, and as such may be combined 
with the natural system, in many works of the present day, as in 
BabingfconV Manual of British Botany, the Linnsean system is used 
as an index to the genera. In the Linnaxm or sexual system, twenty- 
three classes arc founded on the number, position, relative lengths, and 
connection of the stamens ; while the orders in these, classes depend 
on the number of the styles, the nature of the fruit, the number of 
stamens in the classes where this character is not used for distinguish- 
ing them, and the perfection of the flowers. The twenty -fourth class 
includes plants having inconspicuous flowers, and in it the orders are 
formed according to natural affinities. Under these classes and 
orders, all the known genera and species were arranged. It is in the 
higher divisions that the system is artificial, for, as regards, genera, 
the Linnn-an rules are followed even in the natural systems of the 
present day. 
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716. Tabular View of tiie Classes of the Linn.ean System. 


A. Flowers present (Phauerogamia). 

I. Stamens and Pistil in every flower. 

1. Stamens Free. 

a. Stamens of equal length, or not differing in certain propor- 
tions ; «vr/e, male or stamen, 

in Number 1, Class!. Monandria a,ove ; , ope. 

— 2, II. Diundria bis, two. 

— 3, III. Triundria T«siV, three. 

— 4, IV. Tetrandria four. 

— 5, V. Pentandria vivn, five. 

— - (>, VI. Hexandria is, six. 

— 7, VII. Ueptandria......iTT«, seven. 

— 8 VIII. Octandria U™, eight. 

— 1), IX. Fnneandria im«, niue. 

— 10, X. Decandria b%»** ten. 

— 12-10, XL Podecandria bubixot, twelve. 

— 20) Inserted on Calyx, ATI. leosandria uxocrt, twenty. 

or more, j — on Receptacle, 

fh Stamens of diffci cut lengths ; 

two long and two short, 

four long and two short, 

2. Stamens United; 

by Filaments in one bundle, 

in two bundles, XV LI. Piadelphia 

in more than two bundles,...XVliI. Polyadelphia.) 

vtv f • f w*’ together. 

XIX. Syngenesia... < . h . . 

J b \yiw<ris, origin. 


XIII. Polyandria ro/.vs, many. 

XIV. Pidyimmia... \ *, 

Y \r ri r m'xx-v-k. power. 


X\ r . Tctradynainiaj 
XVI. Monadelphia..) 


atbufos. brother. 


by Anthers (Compound flowers), 


with Pistil on a Column, XX. Gynandria. ...••* ywr„ female. 

II. Stamens and Pistil in different flowers; 

on the same Plant, XXI. Monmcia ) . 

on different Plants, XXII. I)i<x*cia > fl0USC ‘ 

III. Stamens and Pistil in the same or in) 

different flowers on the same or on > XXI 1 1. Polygamia yct t u,o$, marriage. 

different plants, ) 

B. Flowers Absent, XXIV. Cryptogamia. . ..xeovros, concealed. 


Class I. 
II. 

III. 

IV. 
V. 

VI. 

VII. 
VIII. 

LX. 

X. 

XI. 

XII. 

XIII. 


717. Tabular View of the Orders of the Linflean System. 


Monogynia, . . . 

Pigynia, 

Trigynia, 

Tetragynia,... 
Pentagynia, .. 
Hexagynia, . . . 
> Heptagynia,.., 
Octogynia,. . . . 
Enneagynia, . 
Decagynia,. . . , 
Dodccagynia, 
Polygynia, .. 


1 FreeStyle.... 

, 2 Free Styles.. 

3 — 

4 — 

, 5 — 

6 — .. 

7 — 

8 — 

. 9 — .. 

10 — .. 

12-10 — .. 

,20 and upwards 


yvvr„ female or pistil. 
... (x.<>vos , one. 

...5/?, two. 

...rgeiV, three. 
...tst£«?, four. 

rwn, live. 

...vt, six. 

...t-T-roe, seven. 
...oxru, eight. 

...twice, nine. 

...hixot, ten. 
...bvbixot, twelve. 
...rokvs, many. 
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/ Gymno&permia, Fruit formed by four Achaenia....) y^n, naked, 

XIV. < Angiospermia, Fruit, a two-celled Capsule, with > *yyos, a vessel, 

A many seeds ) a seed. 

/Silictdosa, Fruit, a Silicula. 

* \Siliquosa, Fruit, a Siliqua. 

XVI.) 

XVII. S- Triandria, Decandria, &c. (number of Stamens), as in the Classes. 

XVIIT.) 

Poly gamin yEqualis, Florets all hermaphrodite. 

Superflua, Florets of the disk hermaphrodite, those of the ray 

pistillifcrous and fertile. 

Frustranea,.. .Florets of the disk hermaphrodite, those of the ray 

neuter. 

Necessaria,... Florets of the disk staminiferous, those of the ray 

i pistillifcrous. 

j Segregata,. .. .Each floret lining a separate involucre. 

( Monogainia Anthers united, flowers not compound. 

XX.) 

XXI. ,>• Monandria, Diandria, &c. (number of Stamens), as in the Classes. 

XXII.) 


XIX. ! 


XXII l. ; 


f Momma 

) 

on the same plant. 

Duma, 


Tricorn, 


Filices, 


Musci, 


Hcpatieiv, 


j Liehenes, 


1 Algif, 


1 Fungi, 



718. Even as an artificial method, this system has many imperfec- 
tions. If plants are not in full flower, with all the stamens and styles 
perfect, it is impossible to determine their class and order. In many 
instances, the different flowers on the same plant vary as regards the 
number of the stamens. Again, if carried out rigidly, it would sepa- 
rate in many instances the species of the same genus; but as Linnreus 
did not wish to break up liis genera, which were founded on natural 
affinities, he adopted an artifice by which he kept all the species of 
a genus together. Thus, if’ in a genus nearly all the species had both 
stamens and pistils in every flower, -while one or two were in on melons 
or dioecious, he put the name of’ the latter in italics, in the classes and 
orders to which they belonged according to his method, and referred 
the student to the proper genus for the description. 

719. natural System. — It lias been already stated, that a natural 
system endeavours to bring together plants which are allied in all 
essential points of structure. It purposes to ascertain the system of 
nature, and the affinities of plants ; and, in doing so, it takes into ac- 
count all their organs. Every natural method, however,- is, to a cer- 
tain extent, artificial, and is likely to be so. It is impossible to show 
the affinities of plants in a lineal series ; many orders pass insensibly 
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into others, so that their limits cannot be accurately defined ; and no 
perfect system can be constituted until all the plants of the globe are 
known. Moreover, many artificial means arc avowedly used in all 
natural systems to aid the student. 

720, The early natural systems were very imperfect, being founded 
on comparatively vague views of structure and affinity. Such were 
the systems of Magnolius and Adanson. The sketch of a natural sys- 
tem by Li mums was very incomplete, and even that of the celebrated 
Kay was imperfect. It was not until the knowledge of structural 
botany had advanced, that the affinities of plants were ascertained, and 
the relative importance of the different characters discovered. The 
natural systems of tin 1 present day recognize a certain subordination of 
characters, founded on the lhct that some organs are of more import- 
ance to the life 1 of plants than others. The redative values of these 
characters are* determined by the study of organization, and are not 
fixed by arbitrary rules. The following table will illustrate this subor- 
dination of character : — 


723 .— Subordination in Value of the O roans of the same Class. 


Rotative Atalucs, Elementary. Nutritive. 

1 . Cellular Tissue. 

f Vascular Tissue f Embryo or Spore. 

0 j a. Spiral vessels., j a. Cotyledon. 

] h. Ducts \ b . Radicle. 

I Stomata I c. Plumule. 


Reproductive 


Root, Stem, Leaf, 
Frond, Thallus. 


f X. Stamens and 
j Pistil. 

' 2. Fruit. 
Pericarp. 
Theca. 
^Perianth. 

< a. Corolla. 

( b. Calyx, 
f Inflorescence, 

J Torus, Nectary, 

] Bract, I Tivo- 
li lucre. 


722. Tlius, cellular tissue occupies the highest place, as being most 
universally diffused, and capable of carrying on all the functions; next 
comes vascular tissue. By the consideration of these, the 1 two great 
divisions of cellular and vascular plants are determined. There is 
nothing in the nutritive and reproductive systems of the same value as 
cellular tissue. The embryo and its parts are reckoned as occupying 
the highest place in the nutritive system, and as corresponding in value 
with the vascular among the elementary tissues. In the same way 
the other values are determined. In examining organs, it is essential 
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to compare those which belong to the same series ; for an organ which 
occupies the highest place in one series, may be inferior in value to a 
second-rate organ in another. The comparative importance of the 
different series must be taken into account also. Thus, the nutritive 
may be considered as of more importance than the reproductive func- 
tion, as being more essential for the life of the individual; and an 
organ of first-rate value in the one, will therefore assume a higher func- 
tion than one of the same value in the other. The changes which take 
place in any one set of organs are often accompanied with changes in 
others; and thus it is found that natural divisions may be arrived at 
by different routes — for instance, by the elementary, nutritive', and re- 
productive functions. This gives the true notion of affinity; and clas- 
sifications formed on such principles will obviously be more valuable, 
in a practical and physiological point of view, than those which adopt 
characters in an arbitrary manner. 

723. Primary Divisions of the Vegetable Kingdom. — In taking a 
survey of the Vegetable Kingdom, some plants are found to be com- 
posed of cells only, and are called Cellular 8); while others consist of 
<;ells and vessels, especially spiral vessels, and are denominated Vascular 
(If 28). If the embryo is examined, it is found in some cases to have 
cotyledons, or seed-lobes, in other cases to want them; and thus some 
plants are rott/fedonous, others aeutyledonous (^f 51)0) ; the former being 
divisible into monoeotyledonous, having one cotyledon, and dicotyledo- 
nous having two cotyledons. The radicle, or young root of acotyle- 
dons,is heterorldzal 020), that of monocotyledons is mdor/dzal (If 628), 
that of dicotyledons, exorhizal (^f 62!)). When the stems are taken 
into consideration, it is seen that marked differences occur here also, 
acotyledons being a erogenous monocotyledons endogenous, and dicoty- 
ledons exogenous (f 107). The venation of the leaves, whether parallel 
or reticulated (If 143), establishes the same great natural divisions ; and 
similar results are obtained from a consideration of the (lowers, mono- 
cotyledons and dicotyledons being jdtanerogwnous , and acotyledons 
eryptogamous (11323). 

724. Thus, the following grand natural divisions are arrived at : — 


1. Cellular.. 

2. Vascular. 


Acotyledonous. Hefcerorhizal . 

fMonocotyledonous. Kndorhizal. 
\ Dicotyledonous. Exorhizal. 


Acrogenous. Cryptogamous. 

Endogenous.) r> . 

Exogenous. / IWo S amous - 


These larger groups are, on similar principles, subdivided, until at 
length genera and species are reached by a process of analysis. Simi- 
lar results will be obtained by a synthetical process, conducted on the 
same principles, and proceeding from species upwards. 

725. Henslow illustrates the divisions and subdivisions of a natural 
system by reference to Anthyllis Vuilneraria , thus: — 
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I. Class 
Subclass 

II. Order 
Suborder 
Tribe 
Subtribe 

III. Genus 
Subgenus 

IV. Species 
Variety 
Race 
Variation 


Dicotyledones. 

CalycifloHK. 

Legumiiiosa*. 

Papilionnceae. 

Lotcsn. 

Genistcfc. 

Antbyllis. 

Yulneraria. 

Vulneraria. 

Dillenii. 

Floribus coccineis. 
Foliis hirsutissimis. 


720 . The most important natural systems are those of Jussieu, Pe 
Candolle., Endlicher, and Lindley. The larger divisions of each of them 
are riven in a tabular form. 


727. — Classes of .Jussieu’** Si stem, 

Acotyledones, Class I. 

( Mono-hypogyna*, (Stamens hypogynous,) 11. 

Monocotyledones, ^ Mouo-perigyna?,...( perigynous,) III. 

( M ono-epigvnai. . . . ( epigy nous), IV. 

r Monoclines, Flowers hermaphrodite. 

( Epistamineu*, (Stamens epigynous,) V. 

Apetalas, < Peristaminca.*, ....( perigvnous, VI. 

(No petals.) ( IIypostaminea*,...( hypogynous,) VII. 

to [Tlypoeorolla.*, (Corolla hypogynous,) VIII. 

| I 1 ’eri corolla*, ( perigvnous,) IX. 


! j rSyuantliera*, \ 

| Monopotala*, ) j (Corolla j (anthers united.) 

(Petals united.) Epicorolla*, \ epigynous,.. j Corisantlierae, XI. 

| f [ (anthers free.) 

/’Kpipetalae, (Petals epigynous,) XII. 

Polypetalm, < Poripetala*, ( perigynous,) XIII. 

(Petals distinct.) f Hypopetahe, ( hypogynous,) XI\ r . 

^ Diclines, Flowers unisexual, or without a perianth, XV. 

Under theso Classes Jussieu included 100 Natural Orders, or Groups of Genera. 


/■Kpipetalae, (Petals epig) 

Polypctalm, < Peripntala*, ( perig 

(Petals distinct.) (Hypopetahe, ( hypo 


728. Classes of the Natural System of Dk Candolle. 

A. Vasculakes or Cotyledoxejb. 

Class I. Dicotyledones or Exogeme. 

f Subclass 1. Tlialaniiflorae, Petals distinct, stamens hypogynous. 

Dichlamydese, j 2. Calvciflorce, Petals distinct or united, stamens peri- 

liaving calyx ■{ gynous, 

and corolla, j 3. Corolliflor®, ....Petals united, hypogynous, bearing the 

[ stamens. 


Having a single’! 
perianth. / ‘ 


4. Monochlamyde®, . . . A calyx only, or none. 


Class II. Monocotyledoncs or Kndogcnte. 

Subclass 1. Mon-Phanerogamoe, Having floral envelopes. 

, . 2. Mon-Cryptogamse, Having no floral envelopes. 
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B. CELLULARES OR AcOTYLEDONEiE. 

Class III. Acotyledones. 

Snbclass 3. Foliosse, Having leaves. 

2. Apliylla;, Leafless. 

729. By some recent authors, this system has been modified so ns 
to include, under Corelli 1 1 ora;, all Dicotyledons with united petals, whe- 
ther hypogynous or not, and to exclude from Class II. all plants 
without flowers. It is then presented in the following; form : — 

Modification of De Candolle's System. 

Class I. Dieotyledones or Exogena;. 

DichlamydeiO, ^Subclass 1. Thalamiflora?, Petals distinct, stamens hypogynous. 

having calyx < 2. Oalyeiflonu,, Petals distinct, stamens perigy nous. 

and corolla. ( .‘5. Corolliflorse, Petals united, bearing the stamens. 

^ perianth Monochlamydwc, A Calyx only , or none. 

Class 11. Monocotyledones or Endogena*. 

Subclass 1. Petaloideai or Florida.*, Floral envelopes verticillate. 

— 2. Glmnaceae, Floral envelopes imbricated. 

Class III. Acotyledones or Acrogenre. 

Subclass 1. iEtbeogamtr, Having vascular tissue. 

— 2. Amphigamae or Ccllulares, Entirely cellular. 

730. System of Endlicheh. 

REGION I. — THALLOPHYTA (OocKXfc. frond, ?vri>v, a plant). No opposition of stem 
aud root. No spiral vessels, and no sexual organs. Propagated by spores. 

Section i. Pkotopiiyta (»*»*»«, first or originating). Developed without soil ; 
deriving nourishment all around ; fructification indefinite). 

Section ii. Hystekopiiyta (£rrt«w, posterior or derivative). Developed on 
decaying organisms; nourished internally from a matrix; all the 
organs appearing at once, and perishing in a definite manner. 

REGION II. — COIiMOPH VTA (*©^ 0 ?, a stalk or trunk). Opposition of stem and root. 
Spiral vessels and sexual organs distinct in the more perfect. 

Section III. Acrobrya summit, and fat *, to germinate). Stem increas- 

ing by the apex, the lower part being unchanged, and only conveying 
fluids. 

Cohort 1. Anophyta («*<», above). No spiral vessels. Both sexes present. 
Spores free within spore-eases. 

Cohort 2. Protophyta. Bundles of vessels more or less perfect. No male 
organs. Spores free within one- or many-celled spore-cases. 
Cohort 3. Hysterophyta. Both sexes perfect. Seeds without an embryo, 
consisting of many spores. Parasitic. 

Section iv. Am phibrya around). Stem increasing at the circumference. 

Vegetation peripherical. 
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Section v. Aokampuibrya (»*§*, a / api , and Stem increasing both by 

apex and circumference. Vegetation peripherico-terminal. 

Cohort 1. Gymnospermse ( 7 ^ 0 ?, naked, and seed). Ovules naked, 

reeciving the fecundating matter directly at the micropyle. 

Cohort 2. Apetalai (*, privative or without, and TsraXov, a petal). IVrigom* 
either wanting or rudimentary or simple, eaJvcine or coloured, 
free or adherent to the ovary. 

Cohort 3. Gamopetala? union). Perigone double ; outer culyriue, 

inner corolline; gamopetalous, rarely wanting by abortion. 

Cohort 4. Dialypetalre ( hxXutu , to separate). Perigone doublo ; outer calvcinc, 
parts distinct or united, free or attached to the ovary; inner 
corolline, parts distinct or very randy cohering by means of tie* 
base of the stamens ; insertion hypogvnous, perigvnous, or epi- 
gynous ; sometimes abortive. 

Under these sections, Endlieher enumerates 279 natural orders, which 
are grouped under (>1 classes. 


731. Division ok the Vegetable Kingdom itv Lind lev. 18311. 


Kxugens. 


Kndogens. 


Acrogens. 


( Cyelogens, 

(Wood in circles,) 
( Wood in wedges, 
CSpermogens, 

< ( Hearing seeds), 
(Hearing spores, 
f Distinct Stem, 
\Only a Thallus, 


( Class I. Exogens (proper). 

( II. Gymnogons (naked seeds). 

III. Homogens. 

f IV. Dictyogcns (leaves reticulated ). 

) V. Kndogens (proper). 

VL Sporogens or Rhizanths. 

VII. Comiogons. 

VIII. Thallogons. 


In the Exogens and Kndogens, the following subordinate series of sub- 
classes are formed : — 


1. Consolidated. Floral envelopes are united both with each other and the stamens, 

and with the ovary. 

2. Separated. Floral envelopes and stamens are united to each other, but the ovary is 

consolidated and free. 

3. Adherent. Petals and sepals adhere to each other and the stamens and ovary, but 

have their parts disunited. 

4. Disunited. Petals and sepals adhere to each other and the stamens, but have their 

parts disunited, and do not adhere to the consolidated ovary. 

5. Dissolved. Petals and sepals are distinct from the stamens, and also from the ovary, 

whose carpels are disunited, either wholly or by the styles. 

In each of these subdivisions, the orders are arranged in two series, 
the one Albuminous, the other Exalbuminous. 

732. Iandley's Division of the Vegetable Kingdom, 1840. 
Asexual ok Flowerless Plants. 


Stem and leaves un distinguishable, Class 1. Thallogens. 

Stem and leaves distinguishable, II. Acrogens. 
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Sexual or Flowering Plants. 


Fructification springing from a thallus, III. Rbizogens. 

Fructification springing from a stem, 

Wood of stem youngest in the centre, cotyledon single. 

Leaves parallel -veined, permanent, wood of stem always con- 
fused, IV. Endogens, 

Leaves net-veined, deciduous, wood of stem, when perennial, 

arranged in a circle with a central pith, V. Dictyogens. 

Wood of stem youngest at the circumference, always concentric, 
cotyledons two or more. 

Seeds quite naked, VL < Ivmnogens. 

Seeds enclosed in seed-vessels, VI 1. Exogens. 


The* following are the subclasses of Endogens and Exogens adopted by 
Lind ley : — 


Subclass L Glumaceous. — Floral envelopes imbricated. 

o, Petiiloid. — Floral envelopes vortieillato. 

o. Unisexual, often achlamydoous. 
h . Hermaphrodite, ovary adberent. 
t\ Hermaphrodite, ovary free. 


Exolens. 

Subclass 1. Diclinous. — Flowers unisexual. 

— o Hypogynous. —Flowers usually hermaphrodite, stamens completely hypogy- 

nous, free from the calyx or corolla. 

u. Perigvnous. — Flowers usually hermaphrodite, stamens growing to the side of 

either the calyx or corolla; ovary superior, or nearly so. 

4. Epigynous.— Flowers usually hermaphrodite, stamens growing to the side of 

either the calyx or corolla ; ovary inferior, or nearly so. 


Under tin* classes, Lind ley enumerates 303 natural orders, which are 
grouped together under 50 alliances, in this system of Lind ley, the 
divisions of Asexual and Sexual plants correspond to Endlieher’s 2 
Regions; the 7 classes represent Endiiehers 5 sections; and the 50 
alliances are equivalent to the (>1 classes in Endlicher’s system. 

733. This division may be presented thus: — 


Clauses. Wood. Leaves. Envelopes ^cxes. Embryo, 

] . Exogcme Exogenous . . .Netted Quinary. . . Perfect Dicotyledonous. 

2. Gymnosperime Exogenous. . . Parallel or forked.Nonu Imperfect... Dicotyledonous. 

3. Eudogente Endogenous.. Parallel Ternary... Perfect Monocotyledonous. 

4. Dictyogenzc .... Endogenous. .Netted Ternary . . . Perfect Monoctoyledonous. 

5. Rhizanthae None None Variable ...Imperfect.. Aeotyledonous V 

C. Acrogen® Acrogcnous... Forked or none.. .None None Aeotyledonous. 

7. Thallogenm None None None None Aeotyledonous. 

734. Henslow has given a comparative* view of all these systems, 
pointing out, in a tabular form, the corresponding divisions in each of 
them : — 
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735. In the succeeding pages the natural orders will be grouped 
under the following divisions : — 

A. Phanerogamous, ok Vascular Flowering Plants. 

(/lass I. Dicotyledones or Exogenaj. 

f Subclass 1. Thalamiflonn, Petals distinct, 

stamens hypogynous 

2. Caiycidora), Petals distinct, 

stamens 

- 3. Corollitiora;, Petals united,) M onopctalas of Jus- 

bearing the stamens f sieu. 

— 4. Monochlaiuydcae, A calyx only, } 

or none ( A petals and partly 

a. Angtospermm, seeds in an ovary, \ Diclines of Jussieu. 

b. GymnuspcrmiK, seeds naked. J 

Class II. Monocotyledones or Endogeme. 

Subclass 1. Dictyogcnai, Floral envelopes verticillate, leaves reticulated. 

2. Petaloidea* or Florida*,.. Floral envelopes verticil late, leaves parallel-veined. 

a. Hermapbrodite, ovary adherent. 

b. Hermaphrodite, ovarv free. 

a. Unisexual, often achlamydeous. 

— «>. Glumaecav. .....Floral envelopes imbricated, leaves parallel- veined, 

11. CliYPTOGAMOl S, OK CELLULAR FlOWEKLKSS PLANTS. 

(/lass III. Acotyledones or Acrogeme. 

Subclass 1. Jitheogamse or Cormogemv, Having vascular tissue. 

■ 2. Amphigaime, Thallogense, or Cellulares,... Entirely cellular. 


Diehlamydei®, 
having calyx 
and corolla. f 


Having a single \ 
perianth. ) 


r- 


Poly pet ala? of Jus- 
sieu. 


CHAPTER 11. 

ARRANGEMENT AND CHARACTERS OF THE CLASSES 
AND NATURAL ORDERS. 

SECTION L— PHANEROGAMOUS PLANTS. 

Class I. — Dicotyledones and Exogen.e, Jaw. and DC. Ackamuiiibrya, Kadi. 

736. This is the largest class in the vegetable kingdom. The plants 
included under it have a cellular and vascular system, the latter con- 
sisting partly of elastic spiral vessels (fig. 49). The stem is more or 
less conical, and exhibits wood and true bark. The wood is exogenous, 
i.e. increases by additions at the periphery, the hardest part being 
internal 72, &c.) It is arranged in concentric circles. Pith exists 
in the centre, and from it diverge medullary rays. The hark is separ- 
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able, and increases by additions on the inside. The epidermis is furnished 
with stomata {% 50). The leaves are reticulated (If 143), usually 
articulated to the stem. The fowers are formed upon a quinary 
or quaternary type, and have stamens and pistils. The ovules are 
either enclosed in a pericarp, and fertilized by the application of tin* 
pollen to the stigma, or they are naked, and fertilized by the direct 
action of the pollen. The embryo has two or more opposite cotyle- 
dons, and is exorliizal in germination (If G2 9). 


Subclass 1 . — Thaj .am i f loh.f. * 


737. Calyx and corolla present; petals distinct, f inserted into the thala- 
mus or reeepta.de; stamens hypogynous. This includes the hjqiogynous 
polypetalous orders of Jussieu, and a diclinous order (Mexuspermacea* ). 

738. Order 1. — Banunciilaeeas the Crowfoot Family. {Poly petal a 
Hypoijyna). ) Sepals 3-G, frequently 5, deciduous 
(fig. 55 G c). Petals 5-15 (tig. 55 G p <?), rarely 
abortive, sometimes anomalous in form (fijis. 

284 p, 285), occasionally with scales at the 
base (lig. 555 a). Stamens usually indefinite, 
hypogynous (fig. 556 e ) ; anthers adnate (figs. 

558, 559); carpels numerous, 1 -celled (fig. 

55G p «), distinct, or united into a. single many- 
celled pistil ; ovary containing one ana.tr opal 
ovule (figs. 492, 5 GO g\ or several united to 



pi 



* Thalamus, receptacle, and flan, flower. 

t Sometimes the petals are abortive, ami it is then difficult to determine whether the plant 
belongs to this subclass or to Monoehlamydea'. 

Figs. 656—561.' — Exhibit the organs of fructification of Ranunculus acris, to illustrate the 
natural order Ranuneulaceai. 

Fig. 656. — Flower cut vertically. c, Calyx, pe, Petals, e, Stamens, pi, Pistil composed of 
several carpels on an elongated receptacle or axis. 

Fig. 657.— Diagram of the flower, showing 5 imbricated sepals, 6 petals alternating with the 
sepals, indefinite, stamens in several whorls, multiples of the petals, and numerous carpels ot 
Hchtenia in the centre. 

Fig. 558. — Adnate anther seen on the outer side. The anther is in this instance extrorse. In 
Pfeonia and other Uanuncnlaceie it is introrse. 

Fig, 550, — Adnate anther viewed on the inside. 

Fig. 560. — Vertical section of the ovary, o, showing the ovule, g. s. Stigma. 

Fig. 661. — Fmit or achamium cut vertically. J\ Pericarp, t, Spermodorm or integument of 
tlie anatropal seed, p, Perisperm or albumen, between fleshy and horny, e, Minute embryo. 

Z 
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or baccate or follicular (figs. 443, 468). Seeds albuminous, erect, or 
pendulous; albumen homy (fig. 561 p ) ; embryo minute (fig. 561 e). 
— Herbaceous, suffruticose, or rarely shrubby plants, having alter- 
nate or opposite, simple, much-divided leaves, with dilated sheathing 
petioles (fig. 283). Juice watery. Hairs, if present, simple. 

739. The plants of the order are found in cold damp climates, and 
in the elevated regions of warm countries. Europe contains one-fifth 
of the order, and North America about one-seventh. The order is 
divided into five suborders : — 1. Clematidca*; 2. Anemones (fig. 247); 
8. Kanunculem (fig. 233); 4. Hellebore® (fig. 443); 5. Acts?®, or 
Pceoina* (fig. 370), according to the aestivation of the calyx, the nature 
of the fruit, &c. Ilonslow gives the following analysis of these sub- 
orders, with the number of British genera, in each : — 


(leu. Urit. Author. 


1. Clematidcas . 

2. Ancmoncav . 
8. Rammculea*,. 

4. Hellebores?, . 

5. 1‘aeoniaj, 


■ <9 X 

2 ,) I' uxtrorscj 
2 intror.se. 


Carpel. 

mono- 

sperm 


Seed. 

# 

V pendulous 
* erect. 


polyspcrm. * 

* # 


JGstiv. 

vnlvate. 

imbricate. 


* 

* 


Bindley enumerates 4 1 known genera, comprising 1000 species. 
Examples of the genera — Clematis, Anemone, Ranunculus, Helleborus, 
Delphinium, Aconitum, Aeteea, Poponia, Podophyllum. 

740. The order lias narcotico-acrid properties, and the plants are 
usually more or less poisonous. The acridity is frequently volatile, 
and disappears when the plants arc dried or heated. It varies in dif- 
ferent parts of the plants, and at different seasons. Kami nonius (the 
genus whence the order is named) contains many acrid species, such 
as 11. seder at us, alpestris , htdhosvs, gran linens, aeris , and Flammula; 
while others, such as It repens , aquatilis, lying ua, and Ficaria , are 
bland. The acridity is entirely lost by drying, and it disappears in the 
pericarps as the seeds, which arc themselves bland, ripen. The leaves 
of Aconitum Napellus , Monkshood, contain a narcotic alkaloid, called 
aoonita or aconitina. They are used as an anodyne in neuralgic affec- 
tions, in the form of extract and tincture. The root of A conit uni ferox 
furnishes the powerful East Indian poison, called Eikh or Nabee. The 
leaves of Clematis recta and Flammula have been used as vesicants. 
The seeds of Delphinium Staphisagria , Stavcsacre, are irritant and 
narcotic, and are used for destroying vermin. They owe tlieir activity 
to an alkaloid principle, called delphinia. The Hellebores have been 
long noted for their irritant qualities, llellehoms officinalis, niger, 
fmtidvs, and viridis, act as drastic purgatives ; hence the use of some 
of them in ancient times in cases of mania. The rhizome of Podophyl- 
lum peltatum , May-apple, is employed in America as a purgative. 
Some of the Ranunculace® are chiefly marked by bitter tonic pro- 
perties. 
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741. Order 2. — Dlllenlaeew, the Dillenia Family. (Polj/pet Jhjpog.) 
Sepals 5, persistent. Petals 5, deciduous, in a single row. Stamens 
indefinite, hypogynous, eitlier distinct or combined into bundles ; fila- 
ments dilated at the base or apex; anthers adnate, introrse, with 
longitudinal dehiscence. Ovaries definite, more or less distinct, with a 
terminal style and simple stigma ; ovules ascending. Fruit of 2-5 cap- 
sular or baccate unilocular carpels, which are either distinct or coherent. 
Seeds arillate, several in each carpel, or only two, or one by abortion; 
testa (spermodenn) hard ; embryo straight, minute, at the base of 
fleshy albumen. — The plants of the order are trees, shrubs, or under- 
shrubs, having alternate, exstipulatc, coriaceous, or rough leaves. 
They are found chiefly in Australasia, Asia, and the warm parts of* 
America. They have astringent properties, and some of the species 
afford excellent timber. Lindley enumerates 2G genera, including 200 
species. Examples — 1 )illenia, Delima. 

742. Order 3. — Magnoliaceu*, the Magnolia Family. (Pol t /pet. 

Ilt/pog.) Sepals 2-G, usually deciduous. Petals 2-30, hypogynous, 
often in several rows. Stamens indefinite, distinct, hypogynous; an- 
thers adnate, long, dehiscing longitudinally. Carpels numerous, 1-celled, 
arranged upon a more or less elevated receptacle ; ovules anatropal, 
suspended or ascending; sty - les short. Fruit consisting of numerous 
distinct or partially coherent carpels, which are either dehiscent or 
indehiscent, sometimes sainaroid. Seeds, when ripe, often hang sus- 
pended from the carpels by a long slender cord; embryo minute, at 
the base of a fleshy peri sperm. — Trees and shrubs, with alternate 
coriaceous leaves, and deciduous convolute stipules. They abound in 
North America, and some species occur in South America, China, 
Japan, New Holland, and New Zealand. The order has been divided 
into two suborders: — 1. W interne; aromatic plants, in which the 
leaves are dotted, the carpels are in a single verticil, and the wood 
often consists of punctated tissue (fig. 47). 2. Magnoliea? ; bitter plants 

with fragrant flowers, in which the carpels are arranged in several 
rows on an elevated receptacle (fig. 30G), and the leaves are not 
dotted. Lindley mentions 11 known genera, comprising G5 species. 
Examples — Illicium, Dritnys, Magnolia, Liriodendron. 

743. The properties of the order are bitter, tonic, and often 
aromatic. Illicium anisatu/n , Star-anise, is so allied from its carpels 
being arranged in a star-like manner, and having the taste and odour 
of anise. Its fruit is employed as a carminative. Dr imps W inter i or 
aromatica , brought by Captain Winter from the Straits of Magellan in 
3579, yields Winter’s bark, which has been employed medicinally as 
an aromatic stimulant. It somewhat resembles Canella bark. Magnolias 
are remarkable for their large odoriferous flowers, and their tonic 
qualities. The bark of Magnolia glauea , Swamp Sassafras or 
Beaver-tree, is used as a substitute for Peruvian bark. Liriodendron 
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tulipifera , the Tulip-tree, marked b} r its truncate leaves, has similar 
properties. 

744. Order 4. — Anonactw, the Custard-apple Family, (Pol// pet. 
Hypo//.) Sepals 8-4, persistent, often partially cohering. Petals 6, 
hypogynous, in two rows, coriaceous, with a valvate aestivation. Sta- 
mens indefinite (very rarely definite) ; anthers adnate, extrorse, with 
a large 4 -cornered connective. Carpels usually numerous, separate 
or cohering slightly, rarely definite ; ovules anatropal, solitary or several, 
erect or ascending. Fruit succulent or dry, the carpels being one or 
many-seeded, and either distinct or united into a fleshy mass ; spermo- 
derm brittle; embryo minute, at the base of a ruminated perisperm.— 
Trees or shrubs, with alternate, simple, exstipulate leaves, found usually 
in tropical countries. Lindley enumerates 20 genera, including 800 
species. Examples — Aruma, Uvaria, Guatteria. 

745. Their properties are generally aromatic and fragrant. Some 
of the plants are bitter and tonic, others yield edible fruits. The Cus- 
tard-apples, Swectsops, and Soursops, of the East and West Indies, are 
furnished by various species of Amma, .such as A. squamosa, reticulata , 
and mu cicala. Amma cherimolia furnishes the Cherimoyer, a well- 
known Peruvian fruit. The fruit of Xylopia aromatica is commonly 
called Ethiopian pepper, from being used as pepper in Africa. Xylopia, 
glabra is called Bitter-wood in the West Indies. The Luncewood 
of coachmakers appears to be furnished by a. plant belonging to this 
order, called by Sclmmburgk Duguetia quitaremix. 

746. Order 5. — JIoniHpcrmaoejnp, the Moon-seed Family. ( Polypet . 
Hypng.) Flowers usually unisexual (often dueeious). Sepals and petals 
similar in appearance, in one or several rows, 8 or 4 in each row, 
hypogynous, deciduous. Stamens monadelphous, or occasionally free; 
anthers adnate, extrorse. Carpels solitary or numerous, distinct or 
partially coherent, unilocular; ovule solitary, curved (fig. 420). Fruit 
a succulent 1 -seeded oblique or liuiate drupe. Embryo curved or 
poripherical ; radicle superior ; albumen fleshy, sometimes wanting. — 
The plants of this order are sarmentaeeous or twining shrubs, with 
alternate leaves, and very small flowers. The wood is frequently 
arranged in wedges, and hence the order was at one time put under 
the division called llomogens by Lindley (% 90 and 781). The order 
is common in the tropical parts of Asia and America. There are 
28 known genera, including 202 species. Examples — Menispenmmt, 
Cissampelos, Cocculus, Lardizabala, Scliizandra. 

747. The species are bitter and narcotic. Some are employed as 
tonics, others have poisonous properties. The root of Cocculus pal- 
matus , a plant found in the (‘astern part of Africa, is known as Calumba- 
root, and is used as a pure bitter tonic in cases of dyspepsia, in the 
form of infusion or tincture. It contains a bitter crvstallizable prin- 
ciple called Calumbin. Cocculus indicus is the fruit of Anamirta 
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Cocculus. It is extremely bitter, and contains a crystalline poisonous 
narcotic principle, Picrotoxin, which is its active ingredient. It has 
been used externally in some cutaneous affections. At one time it 
was employed, most prejudicially, to give bitterness to porter. Cls- 
sampelos Par dm , Wild -vine or Velvet-leaf, furnishes Pareira-brava- 
root, which is employed as a tonic and diuretic, and has been recom- 
mended in chronic inflammation of the bladder. 

748. Order (5. — Berherfdacew, the Berberry Family. ( Polype.t . 
Ih/pofl.) Sepals 3-4-6, deciduous, in a double row. Petals hypogyn- 
ous, equal in number to the sepals, and opposite to them, or twice as 
many, often having an appendage at the bavSe on the inside. Stamens 
equal in number to the petals, and opposite to them; anthers adnate, 
bilocular (di thecal), each of the loculi opening by a valve from the. 
bottom to the top. Carpel solitary, unilocular, containing 2-12 
auatropal ovules; style sometimes lateral; stigma orbicular. Fruit 
baccate or capsular, indehiscent. Albumen fleshy or horny; embryo 
straight, sometimes large (fig. 464). — Shrubs or herbaceous perennial 
plants, with alternate, compound, exstipuiate leaves. The true leaves 
are, often changed into spines (fig. 231 /). Found chiefly in the. moun- 
tainous parts of the temperate regions of the northern hemisphere. 
The plants of the order have bitter and acid properties. The bark 
and stem of Herberts vulgaris, common Berberry, are astringent, and 
} r ield a yellow dye; the fruit contains oxalic acid, and is used us a 
preserve. Bindley enumerates 12 genera, including 100 species. 
Examples — Berberis, Epimediurn, Leontice. 

749. Order 7. — rabombaewv, the Watershield Family, ( Polypet . 
IL/poff . ) Sepals 3-4. Petals 3-4, alternate with the sepals. Stamens 
hypogynous, arising from an inconspicuous torus, two or three times 
the number of the petals; anthers linear, introrse, continuous with the 
filament. Carpels 2 or more ; stigmas simple ; ovules orthotropal. 
Fruit indehiscent, tipped with the indurated styles, containing one. 
or two pendulous seeds. Embryo minute, enclosed in a vitellus (the 
sac of the amnios), and placed at the base of a fleshy perisperm. — 
American aquatic plants, with floating peltate leaves. Bindley men- 
tions 2 genera, including 3 species. Examples — IJydropoltis, Cabomba. 

780. Order 8. — j\yiiiplia*acca>, the Water-lily Family (fig. 562). 
(Polypet. Jfypog.) Sepals usually 4, sometimes confounded with the 
petals. Petals numerous, often passing gradually into stamens (fig. 
310, 2). Stamens indefinite, inserted above the petals into the torus 
(fig. 562 c) ; filaments petaloid; anthers adnate, introrse, opening by 
two longitudinal clefts. Toms large, fleshy, surrounding the ovary 
more or less (fig. 562 t). Ovary multilocular, many -seeded, with 
radiating stigmas (fig. 562 s); numerous anatropal ovules. Fruit 
many-celled, indehiscent. Seeds very numerous, attached to spongy 
dissepiments ; albumen farinaceous ; embryo small, enclosed in a fleshy 
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vitellus, and situated at the base of the pcrisperm (fig. 480). — Aquatic 
plants, with peltate or cordate fleshy leaves, and a rootstock or stem 

which extends itself into the mud at 
the bottom of the water. Lindley 
enumerates 5 genera, comprehend- 
ing 50 species. Examples — Nym- 
phiea, Nupliar, Victoria, Euryale. 

751. The plants of this order are 
found throughout the northern 
hemisphere, and are generally rare 
in the southern hemisphere. Little 
is known in regard to their proper- 
ties. Some of them are astringent 
and hitter, while others are said 
to be sedative. They have showy 
flowers, and their petioles and 
peduncles contain numerous air-tubes. Victoria Regina or regia } is 
one of the largest known aquatics. It is found in the waters of 
South America, and is said to range over 35 degrees of longitude. 
The flowers have a fine odour. When expanded they are a foot in 
diameter. The leaves are from four to six and a half feet in diame- 
ter. The seeds and rootstocks of many plants of this order contain 
much starch, and are used ibr food. 

752. Order 3. — \eliiinbiacca% the Water-bean Family. {Polypet. 
Ifgpog .) Sepals 4-5. Petals numerous, in many rows. Stamens in- 
definite, in several rows; filaments petaloid; anthers adnate, introrse, 
opening by a double longitudinal cleft. Torus large, fleshy, elevated, 
enclosing in hollows of its surface numerous carpels. Nuts numerous, 
inserted, but loose, into the depressions of the torus. Seeds 1-2 ; 
perisperm none ; embryo enclosed in a vitellus, large, with 2 fleshy 
cotyledons.— Aquatic herbs, with showy flowers, peltate floating leaves, 
and prostrate rootstocks, found in the temperate and tropical regions 
of the old and new world. Lindley enumerates 1 genus, including 8 
species. Example — N elumbium. 

753. The flower of N elumbium speciosum is supposed to be the Lotus 
figured on Egyptian and Indian monuments, and the fruit is said to be 
the Pythagorean Bean. The plant is said to have disappeared from 
the Nile, where it used to abound. The petioles and peduncles contain 
numerous spiral vessels, which have been used for wicks of candles. 

754. Order 10. — Sarraceiiiaeeas the Sidesaddle-flower Family. 
{Polypet. Jiypog .) Sepals 5, persistent, imbricated in aestivation, 
often with coherent bracts outside. Petals 5, liypogynous, concave ; 



Fig. 662. — Section of a flower of Nymphrca alba, white Water-lily, showing the pistils and 
the receptacle or toms bearing the stamens and petals. />, Peduncle of flower-stalk, t, Elevated 
torus or receptacle, s, Itadiatin g stigmas, a, Sepal, b, Petal, c, Stamens. 
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occasionally the corolla is absent, and the calyx consists of 4-0 segments. 
Stamens 00; anthers adnate, dithecal, introrse, witli longitudinal 
dehiscence. Ovary free, tri-quinquelocular ; style single; stigma per- 
sistent, either a truncated point, or large and peltate with 5 angles ; 
ovules anatropal. Capsule 3-5-celled, with loculicidal dehiscence. 
Seeds very numerous, small, attached to large placentas which pro- 
ject from the axis into the cavity of the cells ; albumen copious ; 
embryo cylindrical, lying at the base of the seed ; radicle pointing to 
the hilum. — Herbaceous plants, found in boggy places, having radical 
leaves, the petioles of which are folded, and cohere so as to form 
ascidia or hollow tubes (fig. 187). Scapes one or more flowered. The 
plants are found in North America and Guiana. Their properties an* 
not known. Lindley enumerates 2 genera, including 7 species. Ex- 
amples- — Sarracenia, lleliamphora. 

755. Order 11. — Papaveraeeaip, the Poppy Family. (Po/f/pet. 
Hifpog.) Sepals 2, deciduous. Petals hypogynous, usually 4, cruciate, 
sometimes a multiple of 4, regular, rarely wanting. Stamens hypo- 
gynous, usually 00, sometimes a multiple of 4 ; anthers ditheca], in- 
nate. Ovary solitary ; style short or none; stigmas 2, or many and 
radiating (fig. 409) ; ovules 00, anatropal (flg. 421). Fruit unilocu- 
lar, either siliquadbrm with two, or capsular with several parietal 
placentas. Seeds numerous ; albumen between fleshy and oily ; em- 
bryo minute, at the base of tlie albumen, with plano-convex cotyledons. 
— Herbs or shrubs, usually witli milky or coloured juice, having alter- 
nate exstipulate leaves, and long one-flowered peduncles. The plants 
belonging to tins order are chiefly European. The species, however, 
are found scattered over tropical America, Asia, China, New Holland, 
Cape of Good Hope, &e. Lindley mentions 18 known genera, and 
130 species. Examples — Papaver, Meconopsis, Eschscholtzia, Glau- 
cium, Clielidoninm. 

750. The order possesses well-marked narcotic properties. Opium 
is the concrete milky juice procured from the unripe capsules of 
Papaver somniferum , and its varieties. The plant is a native of Western 
Asia, and probably also of the south of Europe ; but it has been dis- 
tributed over various countries. There are five kinds of opium known, 
viz. Turkey, Egyptian, East Indian, European, and Persian ; of which 
the first is the kind chiefly used in Britain. The most important 
active principle in opium is the alkaloid called morphia. There are 
other crystalline principles found in it, such as codeia and narcotine ; 
and an acid called meconic acid, which constitutes with sulphuric acid 
the solvent of the active principles. According to various circum- 
stances, opium may act as a stimulant, a narcotic, anodyne, or diapho- 
retic. The seeds of the Opium Poppy yield a bland, wholesome oil. 
ChelidoniuM majus , Celandine, yields an orange-coloured juice, which 
is said to have acrid properties. In this plant, observations were made 
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by Schultz on Cyclosis (f 2G1, and fig. 223). Eschscholtzia is remark- 
aide for the dilated apex of the peduncle, from which the calyx 
separates in the form of a calyptra, resembling an extinguisher of a 
candle. Samjumaria canadensis, Blood-root or Puccoon, has emetic and 
purgative properties. 

757. Order 12. — Fniuartoeeip, the Fumitory Family. {Polypet 
Hypotj . ) Sepals 2, deciduous. Petals 4, cruciate ; one or both of the 
two outer gibbous at the base, the two inner cohering at the apex. 
Stamens hypogynous, usually G, diadelphous ; iinther of middle stamen 
of each parcel bilocular, outer ones unilocular. Ovary free, 1 -celled; 
style filiform; stigma with 2 or more points; ovules amphitropal. Fruit 
either an achamium, or a 2 -v; lived 2-seeded capsule, or a many-seeded 
sili(jua. Seeds crested ; albumen fleshy ; embryo minute, exeentric. — 
Herbaceous plants, with a watery juice, and alternate, multifid leaves. 
Although at first sight very unlike the Poppy family, the Fumitories 
resemble this order in their deciduous sepals, in their seeds, and, in 
many cases, in their fruit. The two outer unilocular stamens of each 
parcel may be considered as forming one perfect stamen, thus making 
the whole number four. They are found chiefly in northern temperate 
latitudes. They are said to be bitter and diaphoretic in their proper- 
ties. Bindley notices 15 genera, including 110 species. Examples - — 
F u 1 1 laria , Cory dalis, 1 >icly t ra. 

758. Order 13. — Crucifera*. the Cruciferous or Cresswort Family. 
Bras.sicaeea* of Bindley. ( Polypet . Hypoy.) Sepals 4, deciduous, the 
two lateral ones gibbous at the base*. Petals 4, hypogynous, alternat- 
ing with the sepals, deciduous, cruciate (fig. 201). Stamens G, tetra- 
dynamous (figs. 345, 5G5), two shorter solitary (fig. 5 Go c'\ opposite 
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Figs. 563— 670.— Organs of fructification of Erysimum lanceolatnm, one of the Cruciform. 

Fig. 563.— Diagram of the flower, showing the arrangement of four sepals, four petals alter- 
nating with them, six tetradynamous stamens, and a slliqua with replum. 

Fig. 564. — Vertical section of the flower, c, Calyx, p, Petals, e, Stamens. o } Ovary laid 
open, s, Stignia. 

Fig. 565.— Flower deprived of its envelopes, cc, Cicatrices left hy the fall of the sepals. 
g, Glands which are situated at the base of the stamens. e\ Two short stamens opposite lateral 
sepals. e", Four long stamens opposite anterior and posterior sepals, p, Pistil. 

Fig. 566.— Horizontal section of the ovary, g, Ovules, c, Spurious dissepiment or repluni, 
which divides the ovary into two cavities. This replum is formed by the placentas. 
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the lateral sepals, occasionally toothed; four longer (fig. 505 e"), 
opposite the anterior and posterior sepals, generally free, sometimes 
partially united and furnished with a tooth on the inside; anthers 
bilocular, introrse (fig. 564). Torus with green glands between the 
petals and stamens and ovary (fig. 565 g\ Ovary superior, with 
parietal placentas, which meet in the middle, forming a spurious 
dissepiment or replum (fig. 566 c ) ; stigmas 2, opposite the placentas, 
or anterior and posterior (fig. 456 s). Fruit 
a siliqua (figs. 567, 568), or a silicula, rarely 

1 - celled and mdehiscent, usually spuriously 

2- celled and dehiscing by two valves, which 
separate from the replum (figs. 456, 568), 
one or many-seeded. Seeds campylotro- 
poiLs (figs. 410, 524), pendulous, attached in 
a single row by a funiculus to each side of 
the placentas (fig. 568); perisperm none; 
embryo with the radicle folded upon the 
cotyledons which are next the placenta (figs. 

524, 569 r ). — Herbaceous plants, seldom 
undershrubs, with alternate leaves, and yel- 
low or white, rarely purple, flowers, without 
bracts. This order is well distinguished by 
having tetradynamous stamens. Most of the plants belonging to tin* 
order are European. The species, however, arc found scattered all 
over the world. De Candolle, in 1821, calculated that the species 
then known were distributed as follows : — 



In tlic frigid zone of the northern hemisphere, 

In all the tropics (chiefly mountainous parts), 

T , , (of northern hemisphere, 548 > 

In tlie temperate zone , . 1 , ’ 0/ . > 

r ( of southern hemisphere ...... 80 ) 
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Lindley enumerates 173 genera, including 1600 species. Examples - — 
Draba, Lepidium, 1 satis, Urassica, Bin apis, Bimias, Senebiera, Schizo- 
petalon, 

759. Tlie order has been subdivided into sections, according to the 
mode in which the radicle of the embryo is folded on the cotyledons, 
as well as according to tlie nature of the fruit. 'Hie suborders founded 
on tlie embryo are — 1. Pleiu'orhizeae (KAeugoc, side, and a, root), 0 — 
cotyledons accumbent, radicle lateral, i.e. applied to their edge (fig. 
517). 2. Notorliizeos (iwm, back), 0 || cotyledons incumbent, 

radicle dorsal, i.e. applied to their back (fig. 518). 3. Orthoploceaj 


Fig. 667. — Siliqua or long pod. 

Fig. 608.— Siliqua with one of its valves removed, in order to show the seeds attached to the 
replum. 

Fig, 669. — Vertical section of the seed, f, Funiculus or umbilical cord, t, Spermoderm or 
testa swollen at the chalaza, c. r. Radicle, c. Cotyledons. 

Fig. 570.— Horizontal section of tlie seed, t, Spermoderm or testa, r, Radicle, c, Incumbent 
cotyledons. 
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g, straight, and vr'koxog, a plait or fold), 07 7 cotyledons condupli- 
cate (folded), radicle dorsal (figs. 513, 570). 4. Spirolobem (tttsTga, a 
coil, and XojSbg, a lobe), 0 || || cotyledons twice folded, radicle dorsal 
(fig. 515). 5. Diplecolobea? (dig, twice, kXsxw, to fold or plait, and 

\o3bg, a lobe), 0 || || || cotyledons three times folded, radicle dorsal. 

760. The divisions founded on the seed-vessel, are — 1. Siliquosm, 
a siliqua, linear or linear-lanceolate, valves opening longitudinally. 2, 
Latisepta*. (latus, broad, and septum , partition), a silicula, partition in 
its broadest diameter, oval or oblong, valves flat or convex, opening 
longitudinally. 3, Angustisepta? (august us, narrow), a silicula, parti- 
tion in its narrow diameter, linear or lanceolate, valves opening longi- 
tudinally, folded and keeled. 4. hlucumentacete (: nucvmentum , a nut), 
silicula, valves indistinct or in dehiscent, often 1 -celled, from the 
absence of the replum or partition. 5. Septulatm (septa, partitions), 
valves opening longitudinally, furnished with transverse partitions in 
their interior. 6. Loinentaeoas (I omentum, an articulate legume), sili- 
qua or silicula, dividing transversely into single-seeded cells, the true 
siliqua being oilen barren and till the seeds placed in the beak. 

761. In this order there is a want of symmetry as regards the 
number of stamens, compared with the floral envelopes. The two long 
stamens placed close together may, however, be looked upon as one 
divided by a process of d (.‘duplication, so that the actual number will 
thus be reduced to tour. This view is confirmed by the shorter stamens 
having teeth on each side, while the longer ones are toothed on one 
side only. By pelorization, too, some Cruciform become tetrandrous. 
While there is a splitting of the filaments, there is also the production 
of two additional anther lobes. In regard to the fruit, it has been 
stated, that normally there are four carpidia or carpels, two of which 
are constantly abortive. In some species of Iberis there have been 
seen four sepals, four petals, four stamens, and lour carpels. Thus the 
floral type of Cruciform is quaternary : calyx having four sepals, corolla 
four petals, receptacle four staminiferous glands, androecium four 
stamens, gynoecium four phyllidia, fruit four carpidia. 

762. There are no truly poisonous plants in the order. In general, 
it possesses antiscorbutic and stimulant qualities, with a certain degree 
of acridity. Many of the most common culinary vegetables belong to 
the order, such as Cabbages, Cauliflower, Turnip, Radish, Cress, Horse- 
radish, (fee. They contain much sulphur and nitrogen, and, on this 
account, when decaying, give off a disagreeable odour. Many garden 
flowers, such as Wall-flower, Stock, Rocket, and Honesty, are found in 
this order. Brassica ohraeea is the original species whence all the 
varieties of Cabbage, Caulillower, Brocoli and Savoys have been obtained 
by the art of the gardener. The part of the Cauliflower used as food 
is the deformed flower-stalks. Brassica Rapa is the common Turnip, 
while Brassica campcstris is the source of the Swedish Turnip. Brassica 
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chinenm yields Shanghac oil. Lepidium sativum is tlie common Cress, 
and Raphanm sativus the Radish. Crambe mantima is the Sea-kale. 
The seeds of Sinapis nigra (Brassica nigra of some), furnish table 
mustard. These contain a bland fixed oil, a peculiar bitter prin- 
ciple, myronic acid, and another principle analogous to albumen or 
emulsin, called myrosine. When water is added, the myronic acid 
and myrosine, by their combination, form a pungent volatile oil, 
containing sulphur and nitrogen, which gives to mustard its peculiar 
properties as a physiological agent. Sinapis alba furnishes white 
mustard, which contains more fixed oil than black mustard. It does 
not, however, contain myronic acid, but an analogous principle called 
sinapin, or sinapism, which, by combination with another principle, 
forms an acrid compound, but not a volatile oil. The mustard of 
Scripture is not a species of Sinapis, but Salvadora pevsica , according 
to Royle, belonging to the natural order Chenopodiaceaj. Many other 
Cruciferous plants yield volatile oils containing sulphur, and the seeds 
of many yield by expression a bland fixed oil, such as Rape-seed oil. 
Cochlearia officinalis, common Scurvy -grass, is used as a stimulant. 
Cochlearia Armoracia, or Armor acia ru&ticana , the Horse-radish, has 
irritant and even vesicant qualities. Anastatica hierochmtina , Rose 
of Jericho, is remarkable for the hygrometric property of the old 
•withered annual stems, which are rolled up like a ball in dry weather, 
and drifted about by the winds in the deserts of Syria and Egypt. If 
rain falls, they resume their original direction. They thus continue 
for many years to ciul up and expand, according to the state of the 
atmosphere. The genus Schizopetalon is remarkable on account of its 
tetracotyledonous (having four cotyledons) embryo. I satis tinctoria , 
Woad, when treated like Indigo, yields a blue dye. I satis indigotica is 
the Tein-Ching, or Chinese Indigo. 

763. Order 14. — CapparHIaceue, the Caper Family. {Poly pet. Ilypog.) 
Sepals 4, often more or less cohering (fig. 554 c). Petals 4, some- 
times 0, cruciate (fig. 554 p), usually unguiculate and unequal. Sta- 
mens hypogynous, 4, 6 (lig. 554 e), or 00, but in general some high 
multiple of four, placed on an elongated hemispherical and often 
glandular torus (fig. 554 ag'). Ovary usually stalked (fig. 554 o); 
style filiform, sometimes 0 ; ovules curved. Fruit unilocular, siliquse- 
form and dehiscent, or fieshy and indeliiseent, rarely monospermous, 
usually with two polyspermous placentas. Seeds gencnilly reniform 
and exalbuminous ; embryo curved ; cotyledons folia ceous, flattish. — 
Herbs, shrubs, sometimes trees, with alternate, stalked, undivided, or 
palmate leaves, which are either exstipulate or have spines at their 
base. They are found chiefly in warm countries, and are abundant in 
Africa. There are 28 genera, and 340 species. The order is divided 
into two suborders: — 1. Cl cornea^ with capsular fruit. 2. Capparete, 
with baccate fruit. Examples — Oleome, Capparis. 
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704. The plants of tliis order have stimulant qualities. The liower- 
buds of Capparis spinosa furnish capers. The plant is a native of 
the south of Europe, and, according to Eoyle, is the Hyssop (n^a) of 
Scripture. Some species of Cleonte and Polanisia are very pungent, 
and are used os substitutes for mustard. The pungency of some is so 
great that they act as blisters. The root of Chorine dodecandra is used 
as an anthelmintic. 

7 05. Order 1 5. — Resedacens the Mignonette F amily. (Poly pet. Hypog.) 
Calyx many-parted. Petals 4-6, unequal, entire or lacerated, in the 
latter case consisting of a broad scale-like claw with a much-divided limb. 
Stamens 10-24, liypogynous, attached to a glandular torus; filaments 
variously united; anthers bilocular, innate, with longitudinal dehis- 
cence. Ovary sessile, 3-lobed, 1- celled, multiovular, with 3-0 parietal 
pkteentas; stigmas 3. Fruit either a unilocular many-seeded capsule, 
opening at the apex so as to render the seeds seminude (fig. 470), or 
3-6 few-seeded follicles. Seeds reniform, usually exalbuminous ; em- 
bryo curved; radicle superior; cotyledons fleshy. — Herbaceous plants, 
rarely shrubs, with alternate, entire, or divided leaves, having gland- 
like stipules. They inhabit chiefly Europe and the adjoining parts of 
Asia. A few are found in the north of India and south of Africa. 
The uses of the order arc unimportant. Reseda Luteola , Weld, yields 
a yellow dye. Reseda odorata is the fragrant Mignonette. The Mig- 
nonette is rendered sufiruticose, by preventing the development of its 
blossoms. This is the origin of the tree Mignonette, which is much 
cultivated in France. There are 6 known genera, and 41 species, 
according to Lindley. Example — Eeseda. 

7 66. Order 1 C. — Flacourtiaceas the Arnotto Family . (Polypet. Hypog . ) 
Sepals 4-7, slightly cohering. Petals equal to and alternating witli 
the sepals, or wanting. Stamens liypogynous, equal in number to the 
petals, or some multiple of them. Ovary roundish, sessile, or slightly 
stalked; style either none or filiform; stigmas several, more or less 
distinct ; ovules attached to parietal placentas, which sometimes branch 
all over the inner surface, of the valves. Fruit 1 -celled, containing a 
thin pulp, either fleshy and indehiseent, or capsular with 4 or 5 valves. 
Seeds numerous, enveloped in a covering formed by the 'withered 
pulp ; albumen fleshy, somewhat oily ; embryo axile, straight ; radicle 
turned towards thehilmn; cotyledons flat, foliaceous. — Shrubs or small 
trees, with alternate, simple, usually cxstipulate leaves, which are 
often dotted. The plants are chiefly natives of the warmest parts 
of the East and West Indies, and of Africa. The order is divided 
into two sections: — 1. Flacourtieje, having the placentas ramifying 
over the inner surface of the fruit. 2. Bixeaj, placentas narrow, and 
running in lines along the parietes. Many of the plants yield edible 
fruits. The pulp is often sweet and wholesome. Some are astringent, 
others purgative. The reddish pulp surrounding the seeds of Bixa 
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ordlana supplies the substance called amotto, which is used for yield- 
ing a red colour, and for staining cheese. There are 31 genera, and 
85 species, according to Lindley. Examples — Patrisia, Flacourtia, 
Prockia, Erythrospermuni, Bixa. 

707. Order 17. — CIstaeca*, the Pock -Rose Family. ( Polypet . Hypog.) 
Sepals usually 5, persistent, unequal, the three inner with contorted 
activation. Petals 5, caducous, hypogynous, aestivation corrugated, and 
twisted in an opposite direction to that of the sepals. Stamens usually 
00, free, hypogynous ; anthers '2-celled, adnate. Ovary syncarpons, 

1 - or niany-celled ; style single; stigma simple. Fruit capsular, 3-5- 
10-vidved, either 1 -celled or imperfectly 5-1 0-cclled, with loculicidal 
dehiscence. Seeds usually indefinite ; embryo inverted, either spiral 
or curved, in the midst of mealy albumen; radicle remote from the hiliun. 
— Shrubs or herbaceous plants with entire, opposite or alternate, stipu- 
late or exstipulate leaves. They inhabit chielly the southern regions 
of Europe, and the north of Africa. Some of the specie's are remark- 
able lor the irritability of their stamens (It 065). Many of them 
yield a resinous balsamic juice, which imparts viscidity to the branches. 
The resinous matter called ladanum or labdanum, is yielded by Cistus 
creticus. There are 7 known genera, and 185 species, according to 
lindley. Examples — Cistus, Heliantliemum, Leehea. 

768. Order 18. — VIolacew, the Violet Family. ( Polypet Ilypog.) 
Sepals 5, persistent, usually elongated at the base, activation imbri- 
cated. Petals 5, hypogynous, equal or unequal, generally withering, 
activation obliquely convolute. Stamens 5, alternate with the petals, 
sometimes opposite to them, inserted on a hypogynous torus; anthers 
dithecal, introrse, often cohering, with a prolonged connective some- 
times spurred (fig. 343); filaments dilated, two of them in the irregular 
flowers having an appendage at their base. Ovary unilocular, with 
many (rarely one) anatropal ovules ; style single, usually decimate, with 
an oblique hooded stigma (fig. 390, 1 s). Fruit a 3-valved capsule, 
dehiscence loculicidal, placentas on the middle of the valves (fig. 390). 
Seeds 00 or definite ; embryo straight, erect, in the axis of a fleshy 
perisperm. — Herbs or shrubs, with alternate, rarely opposite, leaves, 
having persistent stipules, and an involute vernation. They are 
natives of Europe, Asia, and America. The herbaceous species 
inhabit chielly the temperate parts of the northern hemisphere, 
wliile the shrubby species arc found in South America and India. 
They have been divided into two suborders : — 1. Violeaj, with irregular 
ilowers. 2. Alsodeiea?, with regular flowers. There are 14 known 
genera, and 315 species. Examples — Viola, lonidium, Alsodeia. 

769. They are distinguished by the emetic properties of their roots, 
which contain an active principle called violine, similar in its qualities 
to emetin. The roots of Viola odorata have been used medicinally as 
emetics. Some species of lonidium are used in South America as substi- 
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tutes for Ipecacuan. The petals of the Sweet or March Violet, the 7ov 
of the Greeks, are laxative, and are used in the form of infusion mixed 
with sugar ; and a violet or purple colouring matter is procured from 
them, which is employed as a test for acids and alkalies, being changed 
into red by the former, and into green by the latter. Viola tricolor , 
IleartVease, and other species, have been used as demulcent expecto- 
rants. V, tricolor is the origin of all the cultivated varieties of pansy. 

770. Order 19. — Droseraeeas the Sundew Family. ( Polypet. ITyjtog.) 
Sepals 5, persistent, equal; aestivation imbricated. Petals 5, hypo- 
gynous. Stamens free, withering, alternate with the petals, or 10 or 
more; anthers bilocular, with longitudinal dehiscence. Ovary single; 
styles usually 3-5, sometimes 1 or wanting. Fruit a unilocular or 
spuriously trilocular capsule, 3- 5-valved, with loculicidal dehiscence, 
occasionally indehiscent. Seeds numerous, either albuminous or ex- 
albuminous ; embryo minute and erect. — Herbaceous plants with 
alternate leaves, usually inhabiting marshy places. They arc found in 
various parts of the world, in Europe, North and South America, 
China, East Indies, &c. The order lias been divided into two sections : 
— 1. Proserea?, styles 3-5, albumen present, leaves with a circulate 
vernation, and furnished with glandular hairs; stipules in the form of 
fringes. 2. Parnasskw, some of the stamens sterile ; style 3 or none ; 
no albumen nor glandular hail’s. There are 8 known genera, and 
upwards of 90 species. Examples — Drosera, Aldro vanda, I)iona*a, 
Parnassia. 

771. The Drosera s have a more or less acid taste, combined with 
slight acridity. Some of them are said to be poisonous to cattle. 
Their leaves are furnished with glandular capitate hairs, which are 
covered with drops of fluid in sunshine ; hence the name Sundew or Eos 
soils . An Italian liqueur, called Uossoli, derives it name from a Drosera 
used in its manufacture. Some of the 1 >roseras have dyeing properties. 
Dionaea muscipula , Venus’s fly-trap, is a North American plant, having 
the lamina! of the leaves in two halves, each furnished with three 
irritable hairs, which, on being touched, cause the folding of the divi- 
sions in an upward direction (figs. 186, 664). Aldroramla vesiculosa, 
an aquatic found in the south of Europe, is distinguished by its 
whorled, cellular leaves, or floating bladders. Parnassia palustris , 
Grass of Parnassus, has remarkable gland-like bodies between the 
stamens (fig. 304), These arc probably an abortive state of the 
staminal organs. Lindley looks upon them as bundles of stamens, and 
places the genus among Hypericacea*. The stamens of Pamassia are 
irritable, and move towards the pistil in succession (If 665). 

772. Order 20. — Polygalacew, the Milkwort Family. {Polypet. 
Hypog.) Sepals 5, very irregular, distinct; 3 exterior, of which 1 
is superior, and 2 inferior ; 2 interior, usually petaloid, lateral ; aesti- 
vation imbricated* Petals hypogynous, unequal, usually 3* of which 
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1 is anterior, and larger than the rest, and 2 are alternate with the 
upper and lateral sepals ; sometimes there are 5 petals, 2 of them very 
minute ; the anterior petal, called the keel, is often crested. Stamens 
hypogynous, 8, monadelphous or diadelphous ; anthers clavate, usually 

1 - celled, and having porous dehiscence. Ovary mostly bilocular; 
ovules solitary, rarely 2 ; style simple, curved ; stigma simple. Fruit 
dehiscing in a loculicidal manner, or indehiscent. Seeds pendu- 
lous, anatropal, stropliiolate at the hilum ; albumen fleshy ; embryo 
straight. — Shrubs or herbs with alternate or opposite exstipulate leaves. 
They are found in all quarters of the globe. Lindley mentions 19 
genera, including 495 species. Examples — Poly gala, Securidaca, 
Krameria. 

773. In the appearance of their flowers, the plants of this order 
have a resemblance to Papilionacea\ They are distinguished, however, 
by the odd petal being inferior, and the sepal superior. They are 
generally bitter, and their roots yield a milky juice. Pol if gala Senega , 
Snake-root, is a North American species, the root of which is used 
medicinally in large doses as emetic and cathartic ; and in small doses 
as a stimulant, sudorific, expectorant, and sialngogue. it contains an 
acrid principle, called polygalin, senegin, and polygalic acid. The 
name of Snake-root was given from its supposed use as an antidote to 
the bite of the rattle-snake. Krameria triamlra , a Peruvian plant, 
furnishes Rhatany-rool, which is employed as a powerful and pure 
astringent in cases of hemorrhage, and chronic mucous discharges. 

774. Order 21. — Treiiiaiictraeea*, the Porowort, Family. ( Polypet . 
Hying.) Sepals 4-5, slightly coherent, deciduous with a valvate aesti- 
vation. Petals 4-5, deciduous, wild an involute estivation. Stamens 
hypogynous, distinct, 8-10, 2 before each petal; anther di- or tetra- 
thecai, with porous dehiscence (fig. 324 ). ( )vary bilocular, with 1 -3 pen- 
dulous ovules in each cell ; style 1; stigmas J -2. Fruit a 2-celled, 

2- valved capsule, with loculicidal dehiscence. Seeds anatropal, pendu- 
lous, with a caruncula at the apex ; embryo cylindrical, straight, in the 
axis of fleshy albumen. — Ileath-like shrubs, with hairs usually glan- 
dular, alternate or verticillate exstipulate leaves, and solitary axillary 
1-llowered pedicels. They are natives of New Holland. Nothing is 
known regarding their properties. Lindley mentions 3 genera, in- 
cluding 16 species. Examples — Telratheca, Tremandra. 

775. Order 22. — Tamarlcaceas the Tamarisk Family. (Polypet. IFypog.) 
Calyx 4-5 partite, persistent, with imbricated aestivation. Petals 4-5, 
hypogynous, or perhaps inserted at the base of the calyx, inareescent, 
with imbricated aestivation. Stauiens hypogynous, free or monadel- 
phous (fig. 311), equal to the petals in number, or twice a s many; 
anthers di thecal, introrse, with longitudinal dehiscence. Ovary uni- 
locular; styles, 3. Fruit a 3-valved, 1 -celled capsule, with loculicidal 
dehiscence. Seeds numerous, anatropal, erect or ascending, comose; 
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albumen 0 ; embryo straight, with the radicle next the hilum. — Shrubs 
or herbs, with alternate scale-like leaves, and racemose or spiked 
flowers. They abound in the Mediterranean region, and are confined 
chiefly to the eastern half of the northern hemisphere. Many are 
found in the vicinity of the sea. They have a bitter astringent bark, 
and some of them yield a quantity of sulphate of soda when burned. 
The saccharine substance called Mount Sinai Manna, is yielded by 
Tamarix mannifera. Lindley mentions 3 genera, comprising 43 known 
species. Examples — Tamarix, Myricaria. 

776. Order 23. — Frankenlaceos the Frankenia Family. (Polypet 
Hi/poy.) Sepals 4-5, cohering into a tube, persistent. Petals 4-5, 
alternate with the sepals, hypogynous. Stamens hypogynous, equal in 
number to the petals, and alternate with them, sometimes more numer- 
ous; anthers bilocular, with longitudinal dehiscence. Ovary unilocu- 
lar, with parietal placentas ; style filiform, often trifid. Fruit a 
1 -celled, usually 3-valved capsule, with sepricidal dehiscence. Seeds 
very minute, numerous, anatropal; embryo straight, in the axis of fleshy 
albumen. — Herbs or undershrubs, with opposite exstipulate leaves. 
They are found chiefly in the southern parts of Europe, and in the 
north of Africa. They are said to have mucilaginous and sliglitly 
aromatic properties. Genera, 4 ; species, 24. .Example — Frankenia. 

777. Order 24. — FUatlnaief*, the Water-pepper Family. (Polypet. 
Jlypoy,) Sepals 3-5, free, or sliglitly coherent at the base. Petals 
alternate with the sepals, hypogynous. Stamens hypogynous, equal 
to, or twice as many as, the petals. Ovary tri-quin quel ocular ; styles 
3-5 ; stigmas capitate. Fruit capsular, 3 -5 -celled, 3-5-valved, loculi- 
cidal ; placenta central. Seeds 00, exalbuminous, anatropal ; embryo 
cylindrical and slightly curved. — Annual marsh plants, with hollow 
(weeping stems, and opposite stipulate leaves. They are found in all 
parts of the globe. Some of them have acridity, and lienee the name 
Water-pepper. Genera 6, and species 22, according to Lindley. Ex- 
amples — Elatine, Bergia. 

778. Order 25. — rarjophyllaceir, the Chickweed Family. ( Polypet . 
Jlypoy.) Sepals 4-5 (fig. 571), free (fig. 260), or united in a tube 
(figs. 290 c, 553 e), persistent. Petals 4-5 (fig. 571), hypogynous, 
unguiculate, (fig. 281), often bifid or bipartite, (fig. 283), occasionally 
0. Stamens (fig. 572 e) usually double the number of the petals, or, 
if equal, usually alternate with them ; filaments subulate, sometimes 
united ; anthers innate, bilocular, dehiscence longitudinal. Ovary 
single, often stalked or supported on a gynophore (fig. 553 <j), composed 
of 2 to 5 carpels, which are usually united by their edges, but some- 
times the edges are turned inwards, so as to form partial dissepiments; 
stigmas 2-5 (fig. 391 s), with papilla 1 on their inner surface (fig. 572 s). 
Capsule unilocular (figs. 391, 574, 2), or imperfectly bi-qumquelocular 
(fig. 573), 2-5-valved, opening either by valves, or more commonly 



CARYOPHYLLACEjE. 


by twice as many teeth as stigmas (fig. 444, 574); placenta in the 
axis of the fruit (figs. 391, 574, 2,/>). Seeds usually 00, amphitropal, 
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with mealy albumen, and a periplierical embryo (fig. 575). — Herbs, 
sometimes sufiruticosc plants, with opposite, entire, exstipulate, some- 
times connate leaves, and usually cymose inflorescence (figs. 240, 250). 
They inhabit chiefly temperate and cold regions. The order has been 
divided into three suborders: 1. Alsineie, sepals distinct (fig. 269), 
and opposite the stamens, when the flowers are isostemonous. 2. 
Sileneje, sepals cohering in a tube (tig. 290 a), opposite the stamens, when 
the flowers are isostemonous. 3. Alollugineai, sepals distinct or nearly 
so, alternate with the stamens, when isostemonous. Lindley mentions 
53 genera, and 1055 species. Examples — Alsine, Cerastium, I)ian- 
t hus, Silene, Molhigo. 


Figs. 571-575 —I Hustrations of the natural order Caryophyllnceie. 

Fig. 571. — Diagram of the flower of Alsine media, common Chick weed, belonging to the 
natural order OaryopliyllaceaB, sulwrder A lain etc.. The flower consists of 5 imbrierte sepals, 5 
alternate petals, 5 stamens, a unilocular ovary, with a free central placenta, and numerous 
ovules. 

Fig. 572. — Section of the flower of Diantbus Caryophyllus, Carnation, r, Calyx ; petals, 
cohering with the stamens at the base; c, stamens; g, gynopbore or tliecaphore, i.e. the stalk 
supporting the ovary ; o, ovary, with ceutral placenta and ovules ; two stigmas, which are 
papillose all along their inner surface. 

Fig, 673.— Horizontal section of the ovary in a very young state, showing the partitions, c e, 
which divide the ovary into two cavities. These divisions ultimately disappear, leaving the 
placenta, p, bearing the ovules free in the centre. 

Fig. 574. — Capsule of Lychnis (lithago at the period of dehiscence, when the pericarp sepa- 
rates into ftve valves at the summit. 1 . The capsule entire. 2. Capsule cut vertically, to show 
the seeds, g, grouped in a mass, on a free central placenta, p. 

Fig. 575.— Seeds. L Entire seed. 2. Seed cut vertically, t, Spermoderm. c, Peripheries! 
embryo, surrounding the mealy perisperm, p> 

2 A 
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779. The plants of this order are usually insipid, but, according to 
Malapert and Bonnet, some are poisonous. The poisonous quality 
is attributed by them to the principle called Saponine, which exists in 
many of the species of Saponaria , Silene, Lychnis , and Dianthus. 
To Saponine, also, is due the saponaceous or soap-like properties of the 
plants. A renarki pcploidas has been used as a pickle. In Iceland it 
serves as an article of food. The greater part of the plants of the 
order are. weeds, but some are showy garden flowers. To the latter 
may be referred all the varieties of Dianthus Caryophyllus , Clove- 
pink or Carnation, Picotees, Bizarres, and Flakes, numerous species of 
Pink, Campion, &c. The varieties of Carnation depend on the mode 
in which the coloured stripes or dots are arranged on the petals, and 
tin* entire or serrated appearance of their edges. The formation of the 
placenta in the Caryophyllacea*, has given rise* to much discussion, 
some looking upon it as a marginal, others as an axile formation 
(11443). 

7<Sih Order 2d. — Vivian iacew, the Viviunia Family. (Poly pci, Ilypoy.) 
Ncp.ils 5, united. Petals 5, hypogynous, iinguiculate, persistent, with 
twisted aestivation. Stamens 10, hypogynous ; filaments free : anthers 
bilocular, opening longitudinally. Ovary free, 3-celled; stigmas 3. 
Capsule 3-celled, 8-valvod, loculicidal ; seeds, 2 in each cell, with a 
curved embryo lying among fleshy albumen. — Herbaceous or suffruti- 
eose plants, with opposite or vertieillato exstipulate leaves. Natives 
of South America, having no properties of importance. Genera, 4 ; 
species, Jo. Examples- — Y mania, Ctesarea. 

7S1. Order 27. — Malvaceae the Mallow Family. (Poly pet. llypog.) 




Sepals 5 (fig. 577), rarely 3 or 4, more or less cohering at the base 
(tig. 274c), with a valvate activation (fig. 2(*8), often bearing an external 

^Figs. 576-584.— organs of fructification of Malva sylvestris, to illustrate the natural order 

Fig. 576.— Flower viewed from above, with its five petals, monadelphous stamens, peduncle o 
flower-stalk, and two stipules, s. 

Fig. 577.— Diagram of the flower, showing the different whorls or verticils; 5 valvate or in 
duplicate sepals. 6 twisted petals, indefinite monadelphous stamens, and united carpels. 
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calyx (epicnh/x) or involucre (fig. 274 b). Petals equal in number to 
the sepals ; estivation twisted (fig. 264). Stamens 00 (fig. 578 «), 
liy pogynous, all perfect ; filaments monadelplious (fig. 578 t) or 
polyadelphous (fig. 551) ; anthers lrnmothecal (fig. 328), reniform 
(fig. 570), with transverse dehiscence. Ovary formed by the union 
of several carpels round a common axis (figs. 452, 580), either distinct 
or cohering ; styles as many as the carpels (fig. 578 $), united or free. 
Fruit capsular or baccate ; carpels one or many-seeded, sometimes 
closely united, at other times separate or separable (figs. 383, 580); 
dehiscence loculicidal (fig. 44D) or septicidal. Seeds amphitropal or 
semi-anatropal ; albumen 0, or in very small quantity; embryo curved 
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(fig. 583); cotyledons twisted or doubled (fig. 5M). — Herbaceous 
plants, trees or shrubs, with alternate stipulate leaves (fig. 576 s), 
more or less divided, and often witli stellate hairs (fig. 82). They are 
found chiefly in tropical countries, and in the warm parts of the tem- 
perate zone. Lind ley enumerates 8)7 genera, including 1000 species. 
The order lias been divided into three tribes: — 1. Malvecc, an in- 
volucre present: fruit apocarpous or separable. 2. IJibiseea*, an 
involucre; fruit synearpous. 3. Sidea*, no involucre; fruit either apo- 
carpous or synearpous. Kxamplw — Lavatera, Malva, Hibiscus, Sida. 

782. The plants of the order are all wholesome, and yield mucilage 
m large quantity. Some furnish materials for cordage, others supply 
cotton. Malva stflvestris , Common Mallow, and AltJuva oj/iciualis , Marsh 
Mallow, are employed medicinally, as demulcents and emollients. 

Fig. 578. — Vertical section of tlie flower. i, Calienlus, epicalyx, or involucre ; c, calyx ; p, petals ; 
1 1 tube of inonadelphous stamens, forming an arch ulnae the ovary, o, ami unitv d at the bust', 
to the petals : a, anthers at the, summit of the filaments, free : a, Styles free at the summit, 
united below. 

Fig. 579. — A reniform mouothecal anther, dehiscing transversely, separated with the upper 
part of the lilament. 

Fig. 580. — Fruit, surrounded by the persistent calyx, t, consisting of whorled carpels united 
together by the axis, a. 

Fig. 581. — A separate carpel viewed laterally 

Fig. 582. — Kxaibnminous amphitropal seed. 

Fig. 583.— Curved embryo. 

Fig. 684. — Section of the embryo, to show the doubled cotvltdons. 
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The latter is the Guimauvc of the French. The flowers of A Ithcm rosea , 
the Hollyhock, are used for similar purposes; the plant also yields fibres 
and a blue dye. The flowers of Ab util on esculentum , and the fruit of 
Abelmoschus escnkntm , called Ochro, are used as articles of food. Hibis- 
cus cannabinus is the source whence sun-liemp is procured in India. 
Other species of Hibiscus also yield useful fibres. The bark of Pantmm 
tiliaceum furnishes valuable materials for cordage. Cotton is com- 
posed of the hairs surrounding the seeds of various species of Gossy- 
pium. These hairs, when dry, exhibit under the microscope a 
peculiar twisted appearance. Gossypium barbadcnse seems to be the 
species which yields the best cotton ; the Sea-Island, Now Orleans, and 
Georgian cotton being produced by varieties of it. Gossypium perm - 
viamrn or acuminatum , furnishes the South American cotton; Gossy- 
pium licrbaceuni , the common cotton of India. G. arbor e uni is the 
Indian -tree cotton. The Chinese Nankin cotton is furnished by a 
variety of G. herbaceum . The quality of cotton-wool depends on 
the length, strength, and firmness of the tissue, or, as it is called, the 
staple. These essential attributes are modified by the cleanliness and 
the colour. Long-stapled cottons are generally used for the twist or 
warp, and short-stapled for the weft. The value of cotton varies 
not only according to the species, but also according to the nature of 
the climate in which it grows. The total import of cotton into Britain 
in 1845, was upwards of 7 1 (> millions of pounds; while in 1 84 <> and 
1847, it amounted only to about 480 millions. The seeds of the 
cotton-plants yield oil which has been used for lamps. 

788. Order 28. — sn*r<*ulim*e«% the Sterculia and Silk-cotton Family. 
(Poly pet. Hypiuj.) Calyx of 5, more or less united, sepals, often sur- 
rounded by an involucre; aestivation usually valvato. Petals 5 or 
none, hypogynous, activation twisted. Stamens usually cc ; their 
filaments variously united ; anthers 2-cclled, extrorse. Pistil of 5 
(rarely 3) carpels, either distinct or cohering ; styles equal in number 
to the carpels, free or cohering ; ovules orthotropal (tig. 528) or ana- 
tropal. Fruit capsular, usually with 5 cells, or follicular or suc- 
culent. Seeds often with a woolly covering; with a fleshy or oily 
perisperm (rarely 0), and either a straight or a curved embryo; cotyle- 
dons leafy or thick, plaited or roiled round the plumule. — Trees or 
shrubs, with alternate leaves, which are either simple or compound, 
deciduous stipules, and often a stellate pubescence. They are distin- 
guished from Malvaceae by their dithecal extrorse anthers. They 
inhabit warm climates. The order has been divided into the follow- 
ing sections : — 1 . Bombaccai', with hermaphrodite flowers, and pal- 
mate or digitate leaves. 2. Helicterea 1 , with hermaphrodite ilowers 
and simple leaves. 8. Sterculiea*, with unisexual flowers, and either 
simple or palmate leaves. Bindley mentions 84 genera, including 
125 species. Examples — Bombax, Iielictcres, Sterculia. 
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784. The plants are mucilaginous and demulcent ; many arc used 
for food, others supply a material like cotton. The silky hairs sur- 
rounding the seeds of Bombax Oeiba , the Silk-cotton tree, are used for 
stuffing cushions and chairs, and for various other domestic purposes. 
The trunk of the tree is made into canoes. A dansonia digitata , the Bao- 
bab tree of Senegal, or monkey-bread, is one of the largest known 
trees. Its trunk sometimes attains a diameter of thirty feet, while its 
height is by no means in proportion. The pulp of its fruit (amphisarca) 
is used as an article of food. Dario zibethinm furnishes the fruit called 
Durian in the Indian Archipelago. The fruit is much prized, although 
it has a foetid odour, which has given rise to the name Civet Durian. 
Cheimstemori platanoides is called the Hand-plant of Mexico, on account 
of its five peculiarly curved anthers, which resemble a claw. Helic- 
teres (from helix, a snail) is so named on account of its twisted fruit. 
The Kola, mentioned by African travellers as being used to sweeten 
water, is the seed of a species of Stew alia. 

785. Order 29. — Ilyttiieriacem the Byttneria and Chocolate Family. 

( Poly pel . Jlypoy .) Calyx 4-5-lol>ed, valvate in aestivation (fig. 261 c). 
Petals 4-5 or 0, often elongated at the apex, with a twisted or induplicate 
estivation (fig. 261 p). Stamens hypogynous, cither equal in number 
to the petals, or some multiple of them, more or less monadelplious, 
some of them sterile; anthers bilocular, introrse. Ovary free, composed 
usually of 4-10 carpels arranged round a central column; styles terminal, 
as many as the car] >els, free or united ; ovules 2 in each loeulament. 
Fruit capsular, either with loculicidal dehiscence, or the carpels separat- 
ing from each other. Seeds anatropal, often winged ; embryo straight 
or curved, lying usually in fleshy albumen ; cotyledons either plaited 
or rolled up spirally. — Trees, shrubs or undershrubs, with alternate 
leaves, having either deciduous stipules or 0, and stellate or forked 
hairs. They abound in tropical climates. Lindley enumerates 45 
genera, embracing 400 species. The order has been divided into six 
suborders, founded on the following genera: Kramples — Lasiopetalum, 
Byttneria, Hermaimia, Dombeya, FrioJama, and Philippodendron. 

786. The plants abound in mucilage, and many yield cordage. 
The seeds of Theobrorna Cacao are called Cacao-beans, and are the 
chief ingredient in chocolate,* which contains also sugar, am otto, vanilla, 
and cinnamon. The seeds by pressure yield a fatty oil, called Butter 
of Cacao. They contain a crystalline principle analogous, to caffeine, 
called Theobromine. The Cocoa of the shops consists generally of 
the roasted beans, and sometimes of the roasted integuments of the 
beans, ground to powder. 

787. Order 30. — Tiliaceso, the Lime-tree Family. (Polypet. Hypog.) 
Sepals 4-5, with a valvate aestivation. Petals 4-5, entire, rarely want- 
ing. Stamens hypogynous, free, or united by the enlarged border of the 
stalk of the pistil (fig. 316, 1, 2), usually oo ; anthers 2-celled, dehiscing 
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longitudinally or by pores, occasionally some abortive (fig. 310, 2). 
Disk often large and glandular. Ovary solitary, formed by the union 
of 2-10 carpels; style 1 ; stigmas as many as the carpels. Fruit dry 
or pulpy, either nmltilocular with numerous seeds, or by abortion uni- 
locular and 1 -seeded. Seeds anatropal ; embryo erect in the axis of 
fleshy albumen, with flat, leafy cotyledons (fig. 510). — Trees or shrubs, 
rarely herbaceous plants, with alternate stipulate leaves (tig. 195). 
They are found chiefly in tropical regions, only a small number in- 
habiting northern countries. The order has been divided into two 
sections: — 1. Tilicje, with entire petals or 0, and anthers dehiscing 
longitudinally. 2. Ekvocarpea?, with lacerated petals, and anthers 
opening at the apex. Lindley (‘numerates 85 genera, including 850 
species. Examples — Tilia, Corchorus, (Ire win, Aristotelia, Ehrocarpus. 

788. The plants possess mucilaginous properties, and many of them 
furnish excellent materials for cordage. The fruit of some is edible. 
From the gummy matter they contain, some have been employed as 
demulcents. The inner bark, tlie bast or bass, of the Linden or Lime- 
tree (Tilia Europan ), is tough and fibrous, and from it are manufactured 
liussian mats. An infusion of the J lowers is used on the continent as 
an anti spasmodic and expectorant. A species of Corchorus is used in 
India for the manufacture of bags and a coarse kind of linen. The 
leaves of Corchorus oUtorius, Jcws’-rn allow, are used in many coun- 
tries as a culinary vegetable. 

789. Order 81. — Dipterocarpmw, the Sum at ra - Cam ] )h o r Family. 

( Poly pet . Jftjporj. ) Calyx tubular, 5-lobed, unequal, naked, persistent, 
and afterwards enlarged, with an imbricated aestivation. Petals hypo- 
gynous, sessile, often combined at the bast 1 , with a twisted activation. 
Stamens indefinite, hypogynous ; filaments dilated at the base, either 
distinct or irregularly cohering; authors innate, bilocular, subulate, 
opening by terminal fissures. Torus not enlarged in a disk-like man- 
ner. Ovary superior, 8-celled; ovules in pairs, pendulous; style and 
stigma simple. Fruit coriaceous, unilocular by abortion, 3-valved or 
indehiscent, surrounded by the calyx, which is prolonged in the form of 
long wing-like lobes. Seed solitary, exalbumin ous ; cotyledons often 
twisted and crumpled ; radicle superior. — Trees with alternate leaves, 
having an involute vernation, and deciduous convolute stipules. They 
are found in India, There are about 8 known genera, including 48 
species. Examples — Dipterocarpus, Vateria, Dryobalanops. 

790. The trees belonging to this order are handsome and ornamen- 
tal, and they abound in resinous juice. A kind of camphor is procured 
in Sumatra from Dryobalanops Campkora or aromatica . It is secreted 
in crystalline masses naturally into cavities in the wood. It supplies 
this camphor only after attaining a considerable age. In its young 
state it yields on incision a pale yellow liquid, called the liquid cam- 
phor of Borneo and Sumatra, which consists of resin and a volatile oil 
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having a camplioraceous odour. Indian copal, or Gum aniini of com- 
merce, is the inspissated varnish got from Valeria Indica. The fruit 
of this tree yields to boiling water the celebrated Butter of Canara, or 
Pinei tallow. Various species of Dipterocarpus yield a substance like 
Balsam of Copaiva. 

791. Order 32. — Chhcnaceup, the Chla?nad Family. ( Polypet . Htfpog .) 
Involucre 1-2 -flowered, persistent. Sepals 3, small. Petals 5-0, 
hypogynous, sometimes combined at the base where they are broader. 
Stamens 1 0, or indefinite ; filaments cohering at the base, and united 
to the base of the petals; anthers roundish, free or united, bilocular. 
Ovary single, triloeular; style 1, filiform; stigma trifid. Capsule 
3-celled, or by abortion 1 -celled. Seeds solitary or numerous, sus- 
pended, attached to a central placenta; embryo in the axis of fleshy 
or horny albumen ; cotyledons leafy, undulated. — Trees or shrubs,, 
with alternate stipulate leaves, found in Madagascar. Their proper- 
ties are unknown. There are 4 genera enumerated, including proba- 
bly about 8 or 10 species. Examples — Sarcokena, Leptol&ma. 

792. Order 33. — Ternstripiuiacea*, the Tea Family. {Poly pet. Ilffloff. ) 
Sepals 5 or 7, concave, coriaceous, deciduous, the innermost often the 
largest ; a3stivation imbricated (fig. 205 c). Petals 5, 0, or 9, often 
combined at the base (fig. 205 p). Stamens indefinite, hypogynous ; 
filaments free, or united at the base into one or more parcels ; anthers 
versatile, or adnate, dehiscing longitudinally. Ovary multilocular ; 
styles 2-7. Fruit cither a capsule, 2-7-celled, opening by valves, or 
coriaceous and indehiscent. Seeds attached to the axis, few and large; 
albumen 0, or in very small quantity; embryo straight or bent, or 
folded back; radicle next the hiliun; cotyledons very large, often con- 
taining oil. — Trees or shrubs, with alternate, coriaceous, exstipulate 
leaves, which are sometimes dotted. They abound in South America, 
and many occur in India, while others inhabit China and North 
America. There are 33 genera, and 130 species enumerated. Ex- 
amples — Ternstroemia, Gordonia, Camellia, Tliea. 

793. The most important plants of this order are those which yield 
Tea. Considerable discussion has taken place regarding the Tea plants : 
some say that there is only one species; others, two; others, three. 
Fortune visited the black and green tea districts of Canton, Fokien, 
and Chekiang, and he says that the black and green teas of the nor- 
thern districts of China are obtained from the same species or variety, 
viz. that cultivated in Britain under the name of Thea viriuk ; while the 
black and green teas from the neighbourhood of Canton are made 
from the species or variety cultivated in this country under the name 
of Thea Bohea. Some make the Assam plant a different species, and 
thus recognize three, Thea Ocmtoniemis or Bohea , Thea vindis , and Thea 
Assamiea. The quality of the tea depends much on the season when the 
leaves are picked, the mode in which it is prepared, as well as the district 
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in which it grows. Green Tea contains more essential oil and tannin than 
Black Tea. The Green Teas include Twankay, Young Hyson, Hyson, 
Gunpowder, and Imperial ; while the Black include Bohea, Congou, 
Souchong, Oolong, and Pekoe. The teas of certain districts, such as 
Ankoi, have peculiar characters. In some instances teas are dyed by 
means of J satis indigotica; in other cases, by means of Prussian blue 
and gypsum. Perfume is communicated to teas by means of Ole a 
fragrans , Chloranthns incouppicum , and Aglaia odorata. There is a 
bitter principle in tea called theine, which may be procured by adding 
a slight excess of acetate of lead to a decoction of tea, filtering hot, 
evaporating, and subliming. According to l)r. Stenhouse, 

1 lb. of Green Hyson Tea gave 72 grains pure white Thcine, and 2 coloured =. 74 gr. 
or 1*05 p. c. 

8 oz, Black Congou gave 24*5 grains pure, and 1*5 impure = 36 gr. or 1*02 p. c. 

6 oz. of Black Assam Tea yielded 36 gr. or 1*37 p. c. 

1 lb. of a cheap Green Tea, called Twankay, gave 69 gr. or 0*98 p. c. 

In 1846, the imports of Tea into the United Kingdom were — 

Black, about 43.000,000 lbs. 

Green, about 13,000,000 — 

Total 50,000,000 — 

An interesting account of the Tea plants, and the manufacture of Tea, 
will be found in Fortune’s u Travels in China,” in Ball’s u Account of 
the Cultivation and Manufacture of Tea,” Kovlc’s “ Illustrations of 
Himalayan Botany, ’’and his “Productive Resources of India.” The genus 
Camellia is prized on account of its showy flowers. There are numer - 
ous cultivated varieties of Camellia japonica, many of which can endure 
the climate of Britain when trained on a wall with a southern exposure, 
or slightly protected. In China, Camellia Smanqua, or Sasanqua tea. 
is cultivated on account of its flowers, which are said to impart fra- 
grance and flavour to other teas. Camellia oleifera yields a valuable oil. 

794. Order 34. — Olacacens the Olax Family. ( Polypet Hypog.) 
Calyx small, garnosepalous, entire or toothed, often becoming finally 
large and fleshy; aestivation imbricated. Petals 3-6, hypogynous, 
free, or adhering in pairs by means of the stamens ; aestivation valvate. 
Stamens hypogynous, some fertile, others sterile; the former 3-10, 
alternate with the petals, the latter opposite to the petals ; filaments 
(compressed ; anthers innate, bilocular, with longitudinal dehiscence. 
Ovary 1 -3 -4 -celled ; ovules 1-3, pendulous from a central placenta; 
style filiform ; stigma simple. Fruit fleshy, indehiscent, often sur- 
rounded by the enlarged calyx, unilocular, monospermaL Seed ana- 
tropal, pendulous ; albumen copious, fleshy ; embryo small, at the 
base of the albumen. — Trees or shrubs, with simple, alternate, exsti- 
pulate leaves, which are, however, sometimes abortive. They arc? 
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chiefly tropical or subtropical. Little is known in regard to their 
properties. There are 24 genera, and 53 species enumerated. Exam- 
ples — Olax, Opilia, Icacina. 

795. Order 35. — Aurantlaceas the Orange Family. ( Polypet. IL/pog .) 
Calyx urceolate or campanulate, short, 3-5-toothed, withering. Petals 
3-5, broad at the base, sometimes slightly coherent ; aestivation imbri- 
cated. Stamens equal in number to, or a multiple of, the petals; 
filaments flattened at the base, distinct or combined into one or more 
parcels ; anthers erect. Thalamus enlarged in the form of a hypogy- 
nous disk, to which the petals and stamens are attached. Ovary free, 
multiloculax ; style 1 ; stigma thickish, somewhat divided. Fruit a 
hesperidium, having a spongy separable rind, and pulpy separable cells 
(If 552). Seeds anatropal, attached to the axis, solitary or several, 
usually pendulous, having the clialaza and raphe usually well marked ; 
perisperm 0 ; embryo straight ; cotyledons thick and fleshy. — Trees 
or shrubs, usually conspicuous for their beauty, with alternate, often 
compound leaves, which are articulated with a usually winged petiole* 
(fig. 185). They abound in the East Indies. There are 20 genera, and 
nearly 100 species enumerated. Examples — Citrus, Limonia, Triphasia. 

796. The plants exhibit in every part receptacles of volatile oil. 
The oil abounds in the leaves and in the rind of the fruit. It is fragrant 
and bitter. The fruit has a more or less acid pulp, and the wood is 
generally compact. The Orange, Lemon, Lime, Citron, Shaddock, 
and Forbidden Fruit, belong to this order. Citrus vulgaris yields 
the Bitter or Seville Orange, from the flowers of which an essential 
oil, called Neroli-oil, is procured, in the proportion of an ounce from 
550 pounds of flowers. A similar oil is got from the flower of the 
Sweet Orange, Citrus Aurantium. The rind of the Bitter Orange is used 
in conserves. In the young state, the fruit is sold under the name of 
< )rangettes or Cuni^oa oranges. Orange-flow er-\v ater, as obtained from 
the flowers of the Bitter Orange, is employed as an anodyne. The 
chief kinds of Sweet Orange are the Common Orange, the Chinese or 
Mandarin Orange, the Maltese, and St. Michael’s. The last are the 
finest imported into Britain, and are distinguished by their smooth, 
thin rind. A single tree, it is said, will produce 20,000 good oranges. 
Their fruit is used medicinally, on account of the pulp, which contains 
sugar, mucilage, and citric acid. From the rind of* the Sweet Orange, 
an oil called Oil of Orange is procured, which differs from Neroli-oil. 
A similar oil, but of inferior quality, is procured from the rind of the 
Seville Orange. Many look on the Bitter and Sweet Oranges as pro- 
duced by varieties of one species. The Bitter Orange-tree is less than 
that yielding the Sweet Orange ; the petioles are more distinctly folia- 
ceous ; the flowers have a sweeter fragrance ; the rind of the fruit is 
darker and more bitter ; and its pulp more bitter and less saccharine. 
The Lemon, Litne, and Citron, are distinguished from oranges by their 
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oblong form, their adherent rind, and a protuberance at the apex. 
Citrus Limonmi yields the Lemon, the juice of which is antiscorbutic, 
and is used for cooling drinks and effervescing draughts, while the peel 
or rind, on account of the oil it contains, is employed as an aromatic and 
anthelmintic. A single tree will produce 8,000 lemons. Citrus nmlica 
furnishes the Citron, which is larger than the Lemon, has a thicker 
and tubereulatcd rind, and a less acid pulp. The rind and juice may 
be applied to the same purposes as those of the Lemon. Citrus I Arnett a 
is the source of the Bergamot and Lime, which are probably merely 
varieties. The Bergamot is less than the Lemon in size, and is more 
pyriform, while its colour is golden. The Lime is about half the size of 
the Lemon; its rind is tliin, dense, and of a greenish-yellow colour, and 
its taste is more bitter. Oil of Bergamot is the volatile oil of the rind, 
and 100 fruits .arc said to yield 2^ ounces. The fruit of Citrus dccu- 
i liana is known by the name of the Shaddock, while that of C. Pom - 
pebnos is the Pompelmooso fruit. What are called horned oranges 
and lingered citrons, are produced by a separation or multiplication of 
the carpels, so that small fruits appear to be enclosed within the large 
one. «Egle Marmelos yields an excellent fruit. From Feronia dephan- 
tum, a gum, like gum-arabic, is procured. 

707. Order 36. — IVypericarcas the Tutsan or St. John’s-wort Family. 

(. Polypet . Htfpug.) Sepals 4-5, separate or united, persistent, usually 
with glandular dots, unequal; activation imbricated. Petals 4-5, 
oblique, often with black dots ; estivation contorted. Stamens hypo- 
gynous, oc, generally polyadelphous (fig. 315), very rarely 10, and 
monad cl pilous or distinct ; filaments filiform; anthers bilocular, with 
longitudinal dehiscence ; carpels 2-5, united round a central or basal pla- 
centa; styles the same number as the carpels, usually separate; stigmas 
capitate or simple. Fruit either fleshy or capsular, multilocular, and 
multivalvular, rarely unilocular. Seeds usually 00, minute, anatropal, 
usually cxalbuminous ; embryo usually straight. — Herbaceous plants, 
shrubs or trees, with exstipulate entire leaves, which are usually oppo- 
site and dotted. Flowers often yellow 7 . They are distributed very 
generally over all parts of the globe, are found in elevated and low, 
dry and damp situations. They yield a resinous coloured juice which 
has purgative properties, and resembles gamboge. Lindley places 
Parnassia in this order. There are 15 known genera, and about 270 
species. .Examples — Hypericum, Elodea, Vismia, Reaumuria. 

798. Order 37. — Gnttlfera*, or Cluslacens the Gamboge Family. 
{Polypet. Hypog.) Sepals 2-6 or 8, usually persistent, round, fre- 
quently unequal and coloured ; aestivation imbricated. Petals hypo- 
gynous, equal to, or a multiple of, the sepals. Stamens hypogynous, 
usually 00, rarely definite, free or variously united at the base ; fila- 
ments unequal in length ; anthers adnate, introrse or extrorse, some- 
times very small, occasionally unilocular, and sometimes with porous 



MAUCGKA AVIACE.fc. 


or circumseissile dehiscence. Thalamus Arming a fleshy, sometimes 
5 -lobed disk. Ovary solitary, 1 or many-celled ; ovules either solitary 
and erect or ascending, or numerous and attached to central placentas ; 
style 0 or very short ; stigmas peltate or radiate. Fruit dry or fleshy, 
1 or many-celled, 1 or many-seeded, either with septicidal dehiscence 
or indehiscent. Seeds definite, anatropal, or orthotropal, in a pulp, 
apterous and often arillate, with a thin and membranous spermoderm ; 
albumen 0 ; embryo straight ; cotyledons usually cohering. — Trees or 
shrubs, sometimes parasitical, with exstipulatc, opposite, coriaceous, 
entire leaves, having a strong midrib, and lateral veins running directly 
to the margin. Flowers articulated with the peduncle, often unisexual 
by abortion. They are natives of tropical regions, more especially of 
South America. Lindley enumerates 30 genera, including 150 species. 
Examples — Clusia, Garcinia, Cambogia, and Calophyllum. 

790. The plants of this order yield a resinous juice, which is acrid, 
purgative, and has a yellow colour. Gamboge is one of the most 
important products. There are two kinds of gamboge, one called 
Siam, and the other Ceylon Gamboge. The latter is the product of 
Cambogia guff a or llcbradendron gumbog ionics , and it is probable* that, 
the other, which is the only sort in commerce, and which is known by the 
names of Pipe*, Lump, and Coarse Gamboge, is derived from the same 
source*. Another kinel of gamboge, calle*d Coorg or Wynaad Gam- 
boge, has been recently described by Christison. Gamboge is a power- 
ful irritant, and in large doses acts as a poison, causing inflammation 
of the mucous membrane. It is employed medicinally, as a drastic, 
and hydragogue cathartic. It is an excellent pigment. The resin of 
Tacamahaca is yielded by Calophyllum Cal aba. An oil is obtained from 
the seeds of Calophyllum inophy/lum . Pentad, esma, butyracea is the 
Butter and Tallow- tree of Sierra Leone, so called on account of the 
solid oil which is furnished by the fruit. While an acrid resin is the 
product of most of the plants of the order, there are some parts in 
which the resin is either absent or elaborated in small quantity. Thus 
some of them produce fruits which are used as articles of diet. Gar- 
cinia Mangostana supplies the East Indian Mangostecn, which is said 
to be one of the finest known fruits, being filled with a sweet and 
highly-flavoured pulp. Hammed arnericana gives a drupaceous fruit, 
called Mammee Apple, or Wild Apricot of South America. Mema 
ferrea yields a hard and durable timber. The Civ sins are handsome 
trees, remarkable for the mode in which they send out adventitious 
roots. The fruit of Clusia flava , sometimes called Wild Mango, or 
Balsam -tree, yields a yellow juice like gamboge. 

800. Order 38. — Marcgramim*e«s the Marcgraavia Family. (Polypet 
Jlypog.) Sepals 2-7, usually coriaceous and persistent; aestivation 
imbricated. Corolla hypogynous, of 5 petals, or gamopetalous, calyp- 
triform, entire or torn at the point. Stamens usually 00, very rarely 
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5, hypogynous; filaments dilated at the base; anthers long, erect, 
int/rorse. Ovary single, unilocular ; style 1 ; stigma often capitate*. 
Fruit coriaceous, indehiscont, or dehiscing by valves in a locuJicidal 
manner, the placentas being parietal and forming spurious dissepiments. 
Seeds indefinite, minute, in a pulp, anatropal, exalbumin ous ; embryo 
straight. — Trees and shrubs, with alternate, simple, entire, coriaceous, 
and exstipulate leaves. Flowers furnished occasionally with bracts, 
which are folded and united so as to form ascidia. They occur chiefly 
in the wanner parts of America. Their properties are scarcely known. 
There are 4 genera mentioned, and 20 species. Examples — Marc- 
graavia, Norantca. 

801. Order 39. — Illppocrateacei*, the Hippocratea Family. ( Polypet . 
Hypog.) Sepals 5, very small, united up to the middle, persistent, 
with an imbricated aestivation. Petals 5, with an imbricated aestiva- 
tion. Stamens 3, monadelphous ; the united filaments forming a tube 
or a disk-like cup round the ovary ; anthers with transverse dehiscence. 
Ovary free, trilocular; style 1 ; stigmas 1-3. Fruit consisting either 
of 3 samaroid carpels, or fleshy and 1-3-celled. Seeds definite, 
about 4 in each cell, attached to a central placenta, exallmminous, ana- 
tropal, with a straight embryo, and flat somewhat fleshy cotyledons. — 
Arborescent or climbing shrubs, with opposite, simple, somewhat coria- 
ceous leaves, having small deciduous stipules. They are found princi- 
pally in South America; a few are natives of Africa and the East. Indies. 
The fruit of some is eatable. Liridley mentions 6 genera, comprehending 
80 species. Examples — Hippocratea, Salacia. 

802. Order 40. — Erythroxylacear, the Erythroxylon Family. ( Polypet . 
Hypog.) Sepals 3, united at the base, persistent; aestivation imbri- 
cated. Petals 5, hypogynous, broad and with a small scale at the base, 
slightly contorted in aestivation. Stamens 10, monadelphous ; anthers 
erect, bilocular, with longitudinal dehiscence. Ovary 3-celled, two of 
which are sometimes abortive ; styles 3, distinct or united ; stigmas 3 ; 
ovule single, pendulous. Fruit a 1 -seeded drupe. Seed angular, 
anatropal ; embryo in the axis of firm albumen, rarely exalbuminous; 
cotyledons linear, flat, and leafy. — Shrubs or trees with alternate stipu- 
late leaves. Flowers arising from numerous, imbricated, seale-like 
bracts. Found chiefly in the West Indies and South America. The 
plants of the order have tonic, purgative, and narcotic qualities. The 
leaves of Erythroxylon Coca are used in Peru as a stimulant like opium. 
Some yield a dye. There are 2 or 3 known genera, and about 80 
species. Examples — Erythroxylon, Scthia. 

803. Order 41. — Malpighface*, the Malpighia Family. {Polypet 
Hypog.) Sepals 5, slightly united, persistent, often glandular at the 
base; estivation imbricated. Petals 5, unguiculate, with convolute 
estivation. Stamens usually 1 0, often monadelphous ; anthers round- 
ish, with a projecting process from the connective (fig. 342). Ovary 
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formed by 3 (rarely 2 or 4) carpels, more or less combined ; ovules 
solitary, with a long pendulous cord; styles 3, distinct or united. 
Fruit dry or fleshy, sometimes winged (fig. 46G). Seeds solitary, 
orthotropal, suspended, exalbuminous ; embryo straight or curved in 
various ways ; cotyledons foliaceous or thickish (fig. 50G). — Trees or 
shrubs, sometimes climbing, with simple, opposite, or very rarely alter- 
nate, stipulate leaves, without dots. Hairs, when present, peltate. Flowers 
either perfect or unisexual. They are inhabitants of tropical countries 
chiefly, and a great number of them are found in South America. 
Lindley notices 42 genera, including 555 species. Examples — Mal- 
pighia, Banisteria, Hiptagc, Tlinea, Gaudicliaudia. 

804. Some of the woody plants of this order exhibit an anomalous 
formation of the stem, from the absence of annular rings and medullary 
rays, and the peculiar mode in which the bark is produced. This is 
shown in figs. 105, 108, and lot). Many of the plants are astringent. 
Some have stinging hairs (fig. 84). The fruit of Malpvjlda (flair a is 
called Barbadoes Cherry, and is list'd as an article of dessert. JVitraria 
is a genus doubtfully referred to this order. N. tridrntata , found in 
the desert of Soussa, near Tunis, is said by some to be the true Lotus- 
tree of the ancient Lotophagi. 

805. Order 42. — Areraceip, the Maple Family. (Pohfpet. Htfpuff.) 
Calyx divided into 5, rarely into 4 or 0 parts, with an imbricated aesti- 
vation. Petals equal in number to the Jobes of the calyx, with which 
they alternate, rarely wanting. Stamens generally 8, inserted on a 
hypogynous disk. Ovary free, 2-lobed, 2 -celled ; ovules in pairs; 
amphitropal, pendulous ; style 1 ; stigmas 2. Fruit, a samara (fig. 
4 05), composed of two winged carpels, each 1 -celled with 1-2 seeds. 
Seeds erect, exalbuminous ; embryo curved, with foliaceous cotyle- 
dons, and the radicle next the hiluni. — Trees with opposite, simple, lobed 
or palmate, exstipulate leaves. Flowers often polygamous. They arc 
confined chiefly to the temperate parts of Europe, Asia, and North 
America. They yield a saccharine sap, from which sugar is sometimes 
manufactured. Aver saccharinam is the Sugar Maple of America. Acer 
Pseudo-platanus, the Sycamore or Great Maple (the Plane-tree of Scot- 
land), acts well as a shelter or break-wind in exposed places, as near 
the sea. Its sap is slightly saccharine. Its wood is used in machinery 
and for charcoal. The leaves arc often covered with black spots, caused 
by the attack of a fungus, Xylorna or Rytisma acerinum. There are 
3 known genera, and GO species. Examples — Acer, Negundo, Dobinca. 

BOG. Order 43. — Naphidacew, the Soapwort Family. (Poli/pet. Ilijpog.) 
Sepals 4-5, distinct or cohering at the base ; aestivation imbricated. 
Petals 4-5, occasionally absent, hypogynous, sometimes naked, some- 
times with a glandular or scaly appendage inside ; aestivation imbri- 
cated. Stamens usually 8-10, sometimes 5-G-7, very rarely 20; 
filaments free, or combined just at the base ; anthers introrse. Thalu- 
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mus forming a fleshy or glandular disk, into which the stamens are 
often inserted. Ovary trilocuiar, rarely hi- or quadri -locular ; ovules 
sinatropal, definite ; style either undivided or 2-3-cleft. Fruit either 
fleshy and indchisccnt, or samaroid, or capsular, and 2-3-valved. Seeds 
solitary, often arillate, exalburninous; embryo straight, curved, or 
spiral ; cotyledons incumbent; radicle next the liilum. — Trees or shrubs, 
sometimes climbing herbaceous plants, with alternate, sometimes op]K>- 
site, corn])ound (fig. 170), rarely simple leaves, often marked with 
lines or pellucid dots. They are natives principally of South America 
and India. In this order are included the I lippocastaiuw or Horse- 
chestnuts, which art' distinguished by their opposite leaves, and their 
two ovules in each cell, one ascending, the other suspended (fig. 428). 
Lind ley gives 50 genera, including 380 species. Examples — Sapitidus, 
Paullinia, Ncphelium, /Esc ulus, Pavia, Dodomra, Meliosma. 

807. In this order are included many plants which yield edible 
fruits, and others which are poisonous. A saponaceous principle exists 
in certain species. The fruit of Sapindus Saponaria , under the name 
of Soap-berries, is used as a substitute for soap in the West Indies. 
The Longan and Litehi are excellent Chinese fruits, tin* produce of 
Nephdiutu Lon part and N. Litehi The kernel of the Longan powdered, 
is sometimes made into paper. Blitjhki or Cupania sajtida yields the 
Akee fruit, the succulent arilins of which is used as food. Many of the 
Paulliuias are poisonous. From tint seeds of Paullinia sorhilis , how- 
ever, the Guarana bread is prepared in Brazil. This Guarana contains 
a bitter principle, identical with Caffeine. The bark of sEsculus 
Hippocastanvin , Ilorse-chestnut, has been recommended as a febrifuge, 
and its seeds have been used as a substitute for coffee. The fruit 
and leaves of sE sc ulus o/nntcnsi.% the Buck-eye or American Horse- 
chestnut., are said to be poisonous. Paullinia pinnata , and some other 
Sapiudaeea* of Brazil, exhibit anomalous exogenous stems (fig. l(J(j). 
Ophwcan/ou paradoxical^ is the Snake-nut-tree, of Dcmerara, and is 
so (Milled on account of the embryo resembling a coiled-up snake. 

808. Order 44. — Rlitaobolarens the Souari-nut Family. (Poh/peL 
flppog. ) Sepals 5, more or less combined; aestivation imbricated. 
Petals usually 5, unequal, thiekish. Stamens indefinite, slightly 
monad clphous, arising from a hypogynous disk, in a double row, 
of which the inner is often abortive ; anthers roundish, with longitu- 
dinal dehiscence. Ovary 4 -5 -celled ; ovules solitary, semi-anatropal ; 
styles as many as the cells of the ovary ; stigmas simple. Fruit formed 
of several indehiscent, 1 -celled, 1 -seeded nuts, with a thick double 
endocarp. Seed reniform, exalburninous, with the funiculus dilated 
into a spongy excrescence ; embryo with a very large radicle, which 
constitutes nearly the whole of the kernel ; cotyledons small, lying in 
a furrow of the radicle (fig. 503). — Trees with opposite, pahnately 
compound, coriaceous, exstipulate leaves. They grow in the warm 
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forests of South America. Some of them furnish oil, others yield 
edible nuts. Souari nuts are the produce of Caryocar butyimum (Pekea 
butyrosa ). Lindley notices 2 genera, and 8 species. Examples — 
Caryocar, Anthodiseus. 

800. Order 45. — Meliacea\ the Melia Family. (Polypet. Uypog.) 
Sepals 4-5, more or less united, with an imbricated aestivation. Petals 
4-5, hypogynous, sometimes cohering at the hasty with a valvate or 
imbricated (estivation. Stamens equal in numbcT to the petals, or 2. 
3, or 4 times as many ; filaments combined in a long tube ; anthers 
sessile within the orifice of the tube. Disk often large and cup-shaped. 
Ovary single, plurilooular, the cells often equal in number to the 
petals; ovules usually anatropal, 1-2 in each cell ; style 1 ; stigmas 
distinct or united. Fruit baccate, drupaceous or capsular, iuultiloeu- 
lar. or by abortion unilocular, when valves are present opening by 
loculicidal dehiscence. Seeds not winged; albumen usually absent; 
embryo straight, with leafy cotyledons. — Trees or shrubs, with alternate 
(occasionally opposite), exstipulate, simple, or pinnate leaves. 41 icy 
are chiefly found in the tropical parts of America and Asia. Under 
this order, some include Humiriaceaa which are distinguished by a 
prolonged fleshy connective; (fig. 341 ), albuminous seeds, and a slender 
embryo. Arnott includes Cedrelacea* also under this order. There 
(ire about 40 known genera, and upwards of 100 species. Examples 
— Melia, Triehilia, IJumirium, Canella. 

810. The plants of this order possess bitter, tonic, and astringent 
qualities. Melia. Azedarachta is used in India as a febrifuge, and its 
fruit yields an oil which is employed lor domestic purposes, and as 
an antispa smodic. Oils are procured also from species of Triehilia 
and Carapa (fig, 507). The fruit called in the Indian Archipelago, 
Langsat, is the produce of a species of Lansium. A fragrant balsam, 
called Balsam of Umiri, is got from the trunk of IJumirium jiorih u n dam . 
Canella alba , the plant which furnishes Canella bark, lias been referred 
to this order, but great doubts exist as to the propriety of doing so. 
Lindley makes provisionally a separate order, Canellacoa*, which lit* 
places near Fittosporacese. Canella bark is hot and aromatic, and is 
used as a spice, and medicinally as a stimulant tonic. It was formerly 
confounded with Winter’s bark, and the plant was called by Linnams, 
Winterania Canella, or spurious Winter’s bark. 

811. Order 40. — Cctfreloetw, the Mahogany Family. ( Polypet . 
Hypog .) Calyx 4-5 -cleft, with imbricated (estivation. Petals 4-5, 
with imbricated aestivation. Stamens 8-10, united below into a tube, 
sometimes distinct, inserted into a hypogynous annular disk ; anthers 
bilocular, acuminated, with longitudinal dehiscence. Ovary usually 
4 or 5 -celled; ovules anatropal, pendulous; style simple; stigma 
peltate. Fruit a capsule opening septifragally (figs. 450, 451). Seeds 
winged ; albumen thin or 0 ; embryo straight, erect ; cotyledon* 
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fleshy. — Trees with alternate, pinnate, exstipulate leaves. They are 
found in the tropical parts of America and Asia. Lindley enumerates 
3 genera, including 25 species. Examples — Oedrela, Swietenia. 

812. The plants of this order are hitter, and have an aromatic fra- 
grance. Swietenia Mahay oni supplies the well-known mahogany wood. 
Its bark, as well as that of Soymida febrifaya, and of Cvdrehi febrift/ya , 
are used for the cure of intermittents, Chlororyloti Swietenia pro- 
duces satin-wood, and also yields a kind of wood-oil. 

813. Order 47. — Ampelidei** or Vitaccw, the Vine Family. ( Poly pet . 
Jfypoy.) Calyx small, nearly entire (fig. 586 c*). Petals 4-5, some- 
times cohering above (fig. 586 p\ inserted outside an annular hypo- 
gynous disk (figs. 586, 587 y ) ; estivation valvatc. Stamens 4-5, 
opposite to the petals (figs. 586, 587 e\ inserted oil the disk; filaments 
live, or united at the base; anthers ovate, versatile? (fig. 587). Ovary 
2-6-celled; ovules erect, anatropal (fig. 588 o) ; style 1, very short ; 
stigma simple (588 s). Fruit pulpy and globular, not united to the 
calyx (fig 581)), sometimes 1 -celled by abortion. Seeds 1 to 4 or 5, 
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erect (590), with an osseous spennoderm, horny albumen (figs. 591, 
592 p), and an erect embryo (fig. 591 e). — Climbing slirubs, having the 


Fit's, 585-592 — Organs of fructification of Vitis viuifora, to illustrate the natural order, 
VitaceflB or Antpelidcie. 

Fig. 58.5. — Diagram of the flower, showing 6 sepals, 6 petals, 5 stamens opposite the petals on 
account of the non -development of one. ebuninal row, a disk, and the ovary. 

Fig. 586. — Flnwor showing the petals, p, detached at the base, and remaining united above 
in a calyptru-liko maimer, c, Calyx, g, Glands, forming a disk, e, Stamens, the lilaments of 
which only are seen. 

Fig. 687.— Flower after the petals have fallen, g } Glands of the disk, e, Stamens, with 
versatile anthers, p, Pistil. 

Fig. 688.— Vertical section of the flower, c, Calyx, p, Pe'als. e, Filaments, o, Ovary, 
with 2 cells and their erect auatropal ovules, s, Stigma. 

Fig. 589.— Globular pulpy fruit, uva, or grape, differing from a berry, in the calyx not 
forming part of the pericarp. It. is by some called nucuhinium. 

Fig. 590. — The seed of the grape, with its osseous spermoderm enclosing a hard perisperm. 

Fig, 591. -The seed cut vertically. I, The integument or spermoderm. p, Perisperm, or 
albumen, which is horny. «, Erect embryo, with lanceolate cotylodons. 

Fig. 592.— Horizontal section of the seed of the grape, about the middle, l, Integument or 
spermoderm. p, Perisperm or albumen. 
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lower leaves opposite, the upper ones alternate (fig. 221). Flowers in 
racemes, which are often opposite the leaves ; floral peduncles some- 
times becoming cirrhose. They inhabit the milder as well as the 
hotter parts of both hemispheres, and abound in the West Indies. 
There are 7 genera and 200 species. Examples — Vitis, Cissus, Leea. 

814. The plants of this order have generally acid leaves, and their 
fruit, when ripe, is saccharine. Vitis vinifera , the Grape Vine, be- 
longs to tliis order. It is said to be a native of the shores of the 
Caspian, whence it was imported into Europe, The unripe fruit con- 
tains a harsh acid juice, called verjuice. It contains free citric, 
malic, and tartaric acids, along with hi tartrate of potass. As grapes 
ripen, sugar, called Grape-sugar, is formed at the expense of the acids 
(IT 304). The vessels of the Vine are large (fig. Gl), and the sap passes 
through them with great force and rapidity. When cut in spring 
the plant bleeds freely. 

815. Order 48. — Geranlacew, the Cranesbill Family. (Pohfpet. 
Hypog.) Sepals 5, persistent, more or less unequal (figs. 307, 347 c c), 
one sometimes spurred at the base ; {estivation imbricated. Petals 5 
(or by abortion 4), unguiculate, with contorted aestivation (figs. 307, 
347 p p). Stamens monadelphous, hypogynous (figs. 807, 347 e), 
twice or thrice as many as the petals, some occasionally abortive. 
Ovary of 5 carpels, placed round an elongated axis (fig. 307 t)\ ovules 
pendulous, solitary; styles 5, cohering round the axis (fig. 307 o). 
Fruit formed of 5 one-seeded coccoons, terminated each by an indu- 
rated style, which curls upwards, carrying the coccus or pericarp 
with it (fig. 455). Seeds exalbuminous, solitary, with a curved folded 
embryo, and leafy, convolute, and plaited cotyledons (fig. 511). — Herbs 
or shrubs with simple, stipulate leaves, wliich are either opposite, or 
alternate with peduncles opposite to them. They are distributed over 
various parts of the world. The species of Pelargonium abound at 
the Cape of Good Hope. Lindley mentions 4 genera, including, after 
separating hybrids, about 500 species. Examples — Geranium, Pelar- 
gonium. 

816. Tlie name Cranesbill is derived from the long beak-like pro- 
longation of the axis, or wliat is called the carpophore (% 437). The 
plants of this, order are astringent and aromatic. The tuberous or 
moniliform roots of some, such as Pelargonium triste (fig. 123). are 
eatable. The species of Pelargonium are remarkable for the beauty 
of their flowers. By the art of the gardener, and by hybridization, 
many fine varieties of Pelargonium have been produced. 

817. Order 49. — Llnacea*, the Flax Family. (Polypet Hypog .) 
Sepals 3, 4, or 5, persistent, with an imbricated aestivation. Petals 
3, 4, or 5, fugitive, unguiculate, hypogynous, with a twisted aestiva- 
tion. Stamens equal to the petals and alternate with them (with 
intermediate teeth or abortive stamens), arising from a hypogynous 
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annular disk ; anthers ovate, erect. Ovary with as many cells and 
styles as sepals, seldom fewer ; stigmas capitate ; ovules anatropal, 
pendulous. Fruit a plurilocular capsule, pointed generally with the 
indurated base of the styles ; each loculamcnt or cell more or less 
completely divided by a spurious dissepiment, arising from the dorsal 
suture, and opening by two valves at the apex. Seeds solitary in each 
spurious cell, compressed, pendidous ; albumen usually in small 
quantity, sometimes 0; embryo straight; cotyledons fiat ; radicle next 
the liilum. — Annual and perennial plants, with exstipulate, simple, 
entire leaves, which are usually alternate. They are scattered over the 
globe, but are said to be most abundant in Europe, and in the north 
of Africa. By some authors the order is associated with Geraniacea?, 
from which it differs in its unbeuked fruit and exstipulate leaves, as 
well as the absence of joints in the stem. There are 3 genera men- 
tioned by Lindley, comprising 90 species. Examples — Linum, Kadiola. 

81 8. The plants yield mucilage and fibre. Flax, which consists of 
woody fibre (fig. 44), is procured from the inner bark of the stalk of 
Linum tmtatimmmn , by the process of steeping and stripping off the 
bark. Linen and cambric are prepared from it. The flax plant is 
supposed to have been originally a native of Egypt, and mummy 
cloth has been shown to be funned of linen. The integument of the 
seeds is mucilaginous, and an infusion of them in boiling water is nsed 
as a demulcent mid diuretic. The cotyledons of the seeds are olea- 
ginous, and by expression yield Linseed oil, which has the property 
of drying and hardening into an elastic varnish, on exposure to the 
air. It is used medicinally for burns mixed with lime water. After 
expressing the oil a cake remains, called oil-cake, which is used for 
fattening cattle. The powdered cake receives the name of Linseed 
meal, and is commonly used for poultices. Another species of Linum, 
called A. cathartic um , has purgative properties, which seem to depend 
on the presence of an acrid bitter matter, called Limn. 

819. Order 50. — Balsaminaceur, the Balsam Family. (Pohjpet 
Jlj/pog.) Sepals 5, irregular, deciduous, the two inner and upper 
connate, coloured, the lower (odd) sepal spurred (fig. 541); aestiva- 
tion imbricated. Petals alternate with the sepals, usually 4, in conse- 
quence of 1 being abortive, often more or less irregularly united ; 
^estivation convolute. Stamens 5. Ovary 5-cellod ; ovules usually 
numerous ; stigma sessile, more or less 5-lobed. Fruit a 5 -celled 
capsule, opening septifragally, by 5 elastic valves. Seeds usually 
numerous, suspended, exalbuminous, with a straight embryo, and 
radicle next the hilum. — Succulent herbaceous plants with watery 
juice, having simple, opposite, or alternate, exstipulate leaves, and 
axillary irregular flowers. They inhabit chiefly the East Indies, and 
are remarkable for the force with which the seed-vessels open when 
ripe. Hie valves give way on account of the exosmose which goes on 
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in the cells, and they then curl up in a peculiar manner 27, 606). 
They have usually showy flowers, but their properties axe unimportant. 
Liudley mentions 2 genera, including 110 species. Examples — Im- 
patiens, Hydrocera. 

820. Order 51. — OxAlfdacen*, the Wood- sorrel Family. {Polypet. 
Hypog.) Sepals 5, equal, sometimes cohering slightly at the base, 
persistent, imbricate in aestivation. Petals 5, equal, unguiculate, 
hypogynous, with a twisted aestivation. Stamens 10, more or less 
monadelphous, in 2 rows ; those opposite the petals being longer than 
those in the outer row ; anthers erect, bilocular. Ovary usually quin- 
quelocular ; styles filiform, distinct ; stigmas capitate or slightly bifid. 
Fruit capsular, membranous or fleshy, usually 5-celled, and when 
dehiscent 5-10-valved. Seeds few, anatropaJ, albuminous, attached 
to a central placenta, sometimes with a peculiar elastic integument ; 
embryo straight, as long as the fleshy albumen, with a long radicle and 
leafy cotyledons. — Herbs, undershrubs, or trees, wit!) alternate, rarely 
opposite compound (occasionally simple) leaves, which are generally 
without stipules. They are found in the hot as well as the temperate 
parts of the world, and are abundant in North America and at the 
Cape of Good Hope. In some cases phvllodia, or winged petioles, 
occupy the place of leaves. There are about 0 known genera, and 
upwards of 320 species. Examples — Oxalis, Averrhoa, Hugonia. 

821. They are often acid in their properties. Some of them yield 
esculent roots. Oxalis Acetosel/ei , common Wood-sorrel, receives its 
name from its acid taste. It contains bin oxalate of potash, which is 
sometimes called the salt of sorrel, and at other times the essential salt 
of lemons. The plant has been used as a refrigerant and antiscorbutic. 
Its leaves are trifoliate, and some have considered it to be the true 
Shamrock, in consequence of being in flower about the period of the 
year when St. Patrick’s day occurs. Some of the oxalises, as O. sen si- 
tiva , have sensitive leaves, and experiments have been made in regard 
to their closing and opening by Morrcn {]\ 660). Oxalis crenato , 
esculenta , and Deppei, yield tubers, which have been used as a substi- 
tute for potatoes. The acid fruit of Averrhoa JtiUmbi and Caramhola is 
used in the East Indies as food. 

822. Order 52. — Tropwolaceep, the Indian Cress Family. ( Polypet . 
Ilypog.) Sepals usually 5, the upper spurred (fig. 275); activation 
slightly imbricate. Petals often 5, hypogynous, more or less unequal, 
sometimes abortive (fig. 542) ; activation convolute. Stamens 8 or 1 0, 
seldom fewer, free, almost perigynous ; anthers bilocular, innate. Ovary 
triquetrous, composed of 3-5 carpels, with a single style, and 3-5 
acute stigmas; ovules solitary, often pendulous. Fruit indehiscent, 
usually composed of 3 pieces. Seeds exalbuminous, with a large em- 
bryo, which has thick, often united, cotyledons, and a radicle next the 
hilum.— Herbaceous trailing or twining plants, having a delicate tex- 
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ture, with alternate exstipulate leaves, and axillary, often gay, flowers. 
They are natives of the temperate parts of America, and are exten- 
sively cultivated on account of their showy yellow, orange, scarlet, 
and occasionally blue flowers. They have more or less pungency in 
their fruit, which is used as a cress. The unripe fruit of Tropmohnn 
majus , common Indian Cress, has been pickled and used as capers. 
Their roots are sometimes eaten. Limlloy includes Liimianthen? in this 
order, and enumerates 0 genera, including 44 species. Example — 
Trop&'olmn. 

823. Order 53. — Pittosporacei**, the Pittosporum Family. (Polypet. 
Ilypog.) Sepals 4 or 5, deciduous, distinct or partially united ; activa- 
tion imbricated. Petals 4 or 5, sometimes slightly cohering, with 
imbricated (estivation. Stamens 5, distinct, alternate with the petals. 
Ovary single, 2-5-celled ; style 1 ; stigmas 2-5, equal in number to 
the placentas. Fruit capsular or berried, with many-seeded cells, 
which are sometimes incomplete ; dehiscence loculicidal. Seeds often 
enveloped in a glutinous or resinous pulp, anatropal, with a minute 
embryo lying in fleshy albumen ; radicle long ; cotyledons very short. 
— Trees or shrubs, with simple, alternate, exstipulate leaves and 
flowers occasionally polygamous. They are found chiefly in Austra- 
lasia. Many of them are resinous, and, in some instances, the berries 
are eaten. Lindley mentions 12 genera, including 78 species. Exam- 
ples — Pittosporum, Billardiera, Sollya. 

824. Order 54. — Brexlatm, the Brexia Family. (Poly pet, Ilypog.) 
Calyx small, persistent, of 5 coherent sepals, with an imbricated aesti- 
vation. Petals 5, with twisted activation. Stamens 5, alternate with 
the petals, arising from a narrow cup or disk, which is toothed between 
each stamen; anthers bilocular, erect, opening longitudinally and in- 
trorsely. Ovary 5-celled ; ovules numerous, in 2 rows ; placentas 
central; style 1; stigma simple. Fruit drupaceous, 5-celled, rnany- 
seeded. Seeds having 2 distinct coverings, anatropal ; embryo straight ; 
radicle cylindrical; cotyledons ovate, obtuse. — 'frees with coriaceous, 
alternate leaves, having small deciduous stipules. They exist princi- 
pally in Madagascar. Lindley associates some perigynous genera with 
Brexia, and places the order near Saxifragacea?. He enumerates 4 
genera, including 6 species. Example — Brexia. 

825. Order 55. — SCygophyllacca*, the Guaiacutn Family. (Polypet. 
Ilypog.) Calyx 4-5-parted, with convolute (estivation. Petals alter- 
nate with the calycine segments, with imbricated aestivation. Stamens 
twice as many as the petals; filaments dilated at the base, usually 
arising from scales (fig. 313). Ovary simple, 4-5-celled ; divisions 
occasionally formed by spurious dissepiments (figs. 438, 439). Ovules 
2 or more in each cell, usually pendulous ; style simple, 4-5-furrowed; 
stigma simple, or 4-5-lobed. Fruit capsular, or rarely fleshy, with 
4-5 angles or wings, 4-5-valved, either opening by loculicidal dehis- 
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cence, or in dehiscent. Seeds few, usually with whitish albumen, 
sometimes exalbuminous ; embryo green, with foliaccous cotyledons, 
and a superior radicle. — Herbs, shrubs, or trees, with opposite, stipu- 
late, usually compound leaves, which are not dotted, and hermaphrodite 
flowers. They occur in various parts of the world, chiefly in warm 
extra-tropical regions, as in the south of Europe, America, Africa, 
arid India. The order has been divided into two sections : — 1 . Zygo- 
phyllese, having albuminous seeds. 2. Tribulcai, having exalbuminous 
seeds. Liridley mentions 7 genera, comprising 100 species. Examples 
— Zygophyllnm, Guaiacum, Tribulus. 

826. Some of* the plants abound in a stimulant resin, which pervades 
the wood and bark ; others are bitter and acrid. The medicinal species 
are used as sudorifics. Zugaphyllum Fabafjo is called the Bean-caper, 
on account of its flowers being used a,s a substitute for capers. The 
plant is said to act as a vermifuge. Guaiacum officinale is a beautiful 
West Indian tree, the wood of which, commonly called lignum- vita^, 
is prized for its hardness. The alburnum is of a greyish-yellow colour, 
while the duramen is greenish-black. The fibres of the wood are 
remarkable for their direction, being cross-grained, in consequence of 
one layer crossing another diagonally. It. yields a resinous matter 
known as the resin of Guaiac, or Gum-guaiao. This resin exudes 
spontaneously, or it may be procured by incisions, or by the applica- 
tion of heat. A solution of the resin iti alcohol, when applied to the 
fresh cut surface of a potato, gives rise to a blue colour. Both the 
wood and the resin are used medicinally on account of their stimulant 
diaphoretic properties. In decoction and tincture they are adminis- 
tered in cutaneous and syphilitic diseases. Guaiacum sanctum from 
Mexico has similar properties, and is sometimes used medicinally on 
the continent. 

827. Order 56. — Bntaceap, the Kuo Family. ( Poly pet . Hypog . ) 
See figs. 532, 533. Calyx having 4-5 segments, with an imbricated 
aestivation. Petals alternate with tin.* divisions of the calyx, distinct, 
or cohering below into a spurious gamopctalous corolla, rarely want- 
ing ; aestivation either contorted or valvate. Stamens equal in number 
to the petals, or twice or thrice as many (rarely fewer by abortion or 
non-development) (fig. 534), usually hypogynous, but in some instances 
perigynous. Between the stamens and ovary there is a more or less 
complete cup-shaped disk, which is either free or united to the calyx. 
Ovary sessile or supported on a gynophore (fig. 382), its carpels equal 
to the petals in number or fewer ; ovules 2, rarely 4 or fewer in each 
carpel ; styles adherent above (fig. 382) ; stigma simple or dilated. 
Fruit capsular, its parts either combined completely or partially ; seeds 
solitary or in pairs, albuminous or exalbuminous; embryo with a 
superior radicle. — Trees or shrubs, with exstipulate, opposite or 
alternate leaves, usually covered with pellucid resinous dots (figs. 87, 
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89), and hermaphrodite flowers. The order lias been subdivided into 
two suborders : — 1 . Kutea?, with albuminous seeds, and the fruit with 
sarcocarp and endocarp combined. 2. Diosmeai, with exalbuminous 
seeds, and a 2-valved endocarp, which dehisces at the base, and when 
the fruit is ripe separates from a 2-valved sarcocarp. Iluteee are 
found chiefly in the southern part of the temperate zone, as in the 
south of Europe, Avhile Diosmeae abound at the Cape of Good Hope, 
and in New Holland. Lindlcy mentions 48 genera, and 100 species. 
Examples — Ruta, Dictamnus, Diosma, Barosma, Correa, Boronia. 

828. The plants are remarkable for their peculiar odour, which is 
very powerful and penetrating. Many have antispasmodic properties, 
wliile others are bitter and act as febrifuges and tonics. The leaves 
and unripe fruit of Ruta gravcolens , common or garden Rue, are used 
in medicine as stimulants, antispasmodics, anthelmintics, and ommena- 
gogues. They emit when bruised a strong and peculiar oppressive 
odour, and have a bitter and acrid taste. By distillation with water, 
they yield a yellow acrid volatile oil, which is their active constituent. 
The leaves of various species of Burosma, especially B. crmata or 
crenulata , and sermtifolia, are used in medicine under the name of 
Bucku or Buchu. They contain a yellowish volatile oil, having a 
powerful odour, and they have been used as stimulant and antispasmodic. 
They are prescribed in cases of irritation and catarrh of the bladder in 
the form of infusion and tincture. Galipea officinalis , a plant found in 
Columbian Guiana, supplies the Angustura hark, which is used as a 
tonic and febrifuge. It is probable that Galipea Cnspana , sometimes 
called Buiq>hmdia trifoliuta , also furnishes a variety of Angustura bark. 
On the continent, Angustura bark is sometimes adulterated with the 
poisonous bark of Strychnos Nux-vomica. Some of the species of j Die- 
tamnus , such as D. Fraxinella , False Dittany, abound in volatile oil to 
such a degree that the atmosphere around them becomes inflammable 
in hot, dry, and calm weather. The Correas are remarkable for tlieir 
gamopetalous corolla. The leaves of some of the species have been 
used for tea in New Holland. 

829. Order 57. — Xantlioxylace* or Zantlioxylaceir, the Xanthoxy- 
lon Family. ( Polypet . Hypog .) Flowers unisexual. Calyx in 3, 4, or 5 
segments, with imbricated aestivation. Petals the same number, rarely 
0, usually larger than the calyx ; aestivation imbricated or convolute. 
Stamens as many or twice as many as the petals, not developed in 
the female flowers. Ovary consisting of as many carpels as there 
are petals (sometimes fewer), the carpels being either completely or 
partially united (fig. 380) ; ovules 2, rarely 4, in each carpel ; styles 
more or less combined (fig. 380 s). Fruit baccate or membranous, 
sometimes of 2-5 cells, sometimes of several drupes, or 2-valved 
capsules, of which the fleshy sarcocarp is partly separable from the 
endocarp. Seeds solitary or in pairs, pendulous; embryo lying 
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within fleshy albumen; radicle superior; cotyledons ovate, flat — 
'frees or shrubs, with exstipulate alternate or opposite leaves, having 
pellucid dots. They exist chiefly in the tropical parts of America. 
Lindley enumerates 20 genera, including 110 species. 

830. The plants yield a volatile oil which is aromatic and pungent. 
Some are diophoretic in their properties, others are febrifugal and 
tonic. The pungency of species of Xanthoxylon has caused them 
sometimes to be denominated peppers. Xanthoxijlon fraxhimm , or 
prickly ash, acts as a sialagogue. X. caribamm, has a bitter and febri- 
fugal bark. The bitter principle secreted by many of the plants of 
this order is called Xanthopicrine. 

831. Order 58. — Siiuarubacetp, the Quassia and Simaruba Family. 
{Polypet. Ilt/pofj .) Flowers usually hermaphrodite. Calyx in 4 or 5 
divisions ; aestivation imbricated. Petals 4 or 5, spreading or connivent 
into a kind of tube; aestivation twisted. Stamens twice as many as 
the petals ; filaments arising from scales. Ovary 4-5-lobed, 4-5-celled, 
supported on a gynophore ; ovules solitary ; style simple ; stigma 
4-5-lobed. Fruit indehiscent, consisting of 4 or 5 drupes arranged 
round a common receptacle. Seeds anatropal, pendulous ; embryo 
exalbuininous. — Trees or shrubs, with exstipulate, alternate, usually 
compound leaves, without dots. They are found in the tropical parts 
of America, Asia, and Africa. Lindley gives 10 genera, and 35 
species. Examples — Simaruba, Quassia, Picraum. 

832. All the plants of the order are intensely bitter. Quassia wood 
was originally the product of ( liumia a/nara, a tall shrub, never above 
15 feet in height, inhabiting Surinam, Guiana, and Colombia. It is a 
very ornamental plant, and has remarkable pinnate leaves, with 
winged petioles. In their early state, the leaves seem to be simple, 
but in the progress of growth two or more contractions take place, at 
each of which two leaflets appear, the pairs being separated by a 
winged midrib, — a continuation of the petiole. This Surinam Quassia, 
does not appear to be exported now, and it is not met with in English 
trade. A thriving specimen was recently sent to the Edinburgh Botanic 
Garden by Professor Syme. The Quassia of the shops is the wood of' 
Simaruba or Picrama excelsa , a very large forest tree, attaining a height 
of nearly 100 feet, growing in Jamaica and other West Indian islands, 
where it is called Bitter Ash, and Bitter Wood. Quassia is used 
medicinally, in the form of infusion and tincture, as a tonic and anthel- 
mintic. It. acts as a narcotic poison on flies and other insects. Al- 
though proliibited by law, it is frequently employed by brewers as a 
substitute for hops. The bitterness of Quassia is said to be owing to 
a crystalline principle called Quassin. The bark of the root of Sima- 
ruba amara or officinalis, a tree found in Cayenne and in the West 
Indies, is used as a bitter tonic and astringent, more especially in the 
advanced stages of diarrhoea and dysentery. Brucea antidysenterica 
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was at one time erroneously supposed to furnish false angustura bark. 
It has properties similar to those of Quassia. Malombo bark is pro- 
bably yielded by a species of Quassia. 

883. Order 59. — Oehiiacew, the Ochna Family. (Polypet. Hypog.) 
Sepals 5, persistent, imbricated in aestivation. Petals equal to, or 
twice as many as the sepals, deciduous, spreading, imbricated in aesti- 
vation. Stamens 5, opposite the sepals, or 10, or indefinite ; filaments 
persistent, attached to a hypogynous disk; anthers bilocular, innate, 
opening by pores, or longitudinally. Carpels as many as the petals, 
seated on an enlarged gynobase (thecaphore) ; ovule erect or pendu- 
lous, styles united into one. Fruit gynobasic, consisting of several 
succulent indehiseent, monospemious carpels. Seeds anatropal, usually 
exalbuminous; embryo straight; radicle short; cotyledons thick. — 
Undershrubs or trees, with alternate, simple, stipulate leaves, and 
pedicels articulated in the middle. They grow in tropical countries, 
and are remarkable for the large succulent prolongation of the recep- 
tacle to which the carpels are attached. They are generally bitter, 
and some of them are used as tonics. Lindley enumerates (> genera, 
comprehending 82 species. Examples — Ochna, Gomphia, Castela. 

834. Order CO. — Corlftriaceas the Coriaria Family. (Polypet. 
Hypog.) Flowers unisexual. Calyx campanulate, 5 -parted ; aestiva- 
tion imbricate. Petals alternate with the calycine segments, very 
small, fleshy, with a keel on the internal surface. Stamens 10 (fig. 
537); filaments filiform, distinct; anthers dithecal, oblong. Ovary 
composed usually of 5 carpels, attached to a thickened receptacle or 
gynobase, 5 -celled ; ovules solitary, pendulous ; style 0 ; stigmas 5, 
long and glandular. Fruit, consisting of five, monosperm ous, inde- 
hiscent, crustaceous carpels, enclosed by the enlarged petals. Seeds 
pendulous, anatropal, exalbuminous ; embryo nearly straight ; cotyle- 
dons fleshy; radicle short and blunt. — Shrubs with opposite square 
branches, opposite, simple, ribbed leaves, and scaly buds. They are 
found in small numbers in the south of Europe, South America, India, 
and New Zealand. Some of them are poisonous. r Ihe leaves of 
Coriaria myrttfolia have been employed to adulterate Alexandrian 
Senna on the continent. The leaves are known from those of true 
Senna by being 3-ribbed. The leaves are used for dyeing black, and 
an infusion of them gives a dark-blue with sulphate of iron. Lindley 
mentions the genus Coriaria only as belonging to this Family, the 
position of which he considers as doubtful. There are 8 species of the 
genus. Example — Coriaria. 

Subclass II.-— Calycifloile. 

835. In this division are included the Polypetalous orders of Jussieu, 
in which the stamens are not hypogynous, as well as some diclinous 
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orders. A calyx and corolla are present, in other words, the plants 
are Dichlamydcous; the petals are distinct, and the stamens are attached 
to the calyx, — being thus more or less Peri gy nous. This subclass, 
along with Thalamiflorai, comprises the Dialypetalffi of Endlicher. It 
has been already stated that Do Candolle included in this division 
gamopetalous plants, in which the ovary is inferior. 

830. Order 01. — StackliouMiaecffN the Stackhousia Family. ( Poly - 
petal. Pcrigyn.) Calyx 5-cleft, equal, with an inflated tube. Pe- 
tals 5, equal, inserted at the top of the tube of the calyx, claws of 
the petals united, limb narrow and stellate. Stamens 5, unequal, 
attached to the tube of the calyx. Ovary superior, 8-5-celled, cells 
partially distinct ; ovules solitary, erect ; styles 3-5, sometimes united 
at the base ; stigmas simple. Fruit consisting of 3-5 indehiscent 
pieces, which are sometimes winged, and are attached to a central 
persistent column. Seeds anatropal ; embryo long, erect, in the axis 
of fleshy albumen. — Shrubs with simple, entire, alternate, stipulate 
leaves, found in New Holland, and not possessing any marked pro- 
perties. Lindley notices 2 genera, and 10 species. Example — 
Stackhousia. 

837. Order C>2. — Celastracens the Spindle-tree Family. {Polypet. 
Peiigyn .) Sepals 4-5, imbricated in activation. Petals 4-5, with a 
broad base, and an imbricated aestivation, rarely wanting. Stamens 
alternate with the petals ; anthers erect. Disk large, flat and expanded, 
surrounding the ovaiy to which it adheres. Ovary superior, 2-5- 
celled ; ovules ascending, one or numerous, attached to the axis by a 
short funiculus. Fruit either a 2-5-celled capsule, with loculicidal 
dehiscence, or drupaceous. Seeds one or many in each cell, anatropal, 
usually ascending, and sometimes an 11 ate (figs. 481, 482); albumen 
fleshy ; embryo straight, with flat cotyledons and a short radicle. — 
Small trees or shrubs, with simple, alternate, rarely opposite leaves, 
and small deciduous stipules. They inhabit the warm parts of Europe, 
North America, and Asia, and many are found at the Cape of Good 
Hope. The order contains 24 known genera, and 200 species. It 
has been divided into two tribes: — 1. Euonymea*, with capsular fruit. 
2. Elajodendreaj, with drupaceous fruit. Examples — Celastrus, Eu- 
onymus, Ela3odendron. 

838. The plants of the order have subacrid properties, and the 
seeds of some yield a useful oil. Some of’ the species of Celastrus , as 
C. venmatus , are reckoned poisonous. The seeds of Euomjvms , Spindle- 
trees, are surrounded by an aril, or rather arillode, which is considered 
as a prolongation from the exostome (figs. 481, 482). In some of 
the species the capsules are crimson, and with the bright scarlet aril- 
lodes, they present a very showy appearance when the fruit is ripe. 
The bark of Euonymus tingens furnishes a yellow dye. The young 
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s! loots of Euonyruus europoms, when charred, are used to form a parti- 
cular kind of drawing pencil ; its fruit and inner bark are said to be 
purgative and emetic. 

831). Order 63. — Staphyleacea*, the Bladder-nut Family. ( Polypet . 
Per'i'/yn.) (Fig. 5 3D.) Sepals 5, united at the base, coloured, imbri- 
cated in aestivation. Petals 5, alternate, with an imbricated aestivation. 
Stamens 5, alternate with the petals. Disk large and urceolate. 
Ovary 2-3 -celled, superior ; ovules usually ascending ; styles 2-3, 
cohering at the base. Fruit membranous or fleshy, indehiseent or 
opening internally, often partly abortive. Seeds anatropal, roundish, 
truncate at the hilum, with a bony testa ; albumen generally 0 ; 
embryo straight, with thick cotyledons and a small inferior radicle. — 
Shrubs, with opposite, pinnate leaves, having stipules and stipels 
(IT 161). By many authors they are included under the last order. 
The plants are irregularly scattered over the globe, and are found in 
Europe, America, and Asia. Some of them appear to be subacrid, 
while others are bitter and astringent. The species of Staphylea receive 
the name of Bladder-nut, on account of their inflated bladder-like 
pericarp. They are cultivated as handsome shrubs. Three known 
genera are enumerated, and 14 species. Example — Staphylea. 

840. Order 64. — IUiamnacca*, the Buckthorn Family. ( Polypet . 
Perigyn .) Calyx 4-5-cleft, valvate in aestivation. Petals distinct, 
hooded or convolute, inserted into the throat of the calyx, sometimes 
0. Stamens definite, opposite the petals. Disk large, fleshy, fiat or 
urceolate. Ovary superior or half superior, 2-3 or 4 -celled ; ovules 
solitary, erect, anatropal. Fruit fleshy and indehiseent, or dry and 
separating into three parts. Seeds erect; albumen fleshy, rarely 0; 
embryo about as long as the seed, with a short inferior radicle, and 
large flat cotyledons. — 'frees or shrubs, often spiny, with simple, alter- 
nate, rarely opposite leaves, and minute stipules. They are generally 
distributed over the globe, and are found both in temperate and tropi- 
cal regions. There are 42 genera, and 250 species enumerated. 
Examples — lthamnus, Ceanotlms, Phylica, Pomaderris. 

841. Many of the plants of the order have active cathartic proper- 
ties. Some, however, yield edible fruit, and others are tonic and 
febrifugal. Rhamnus cathartic us, common or purging Buckthorn, is a 
European shrub, the black succulent fruit or berries of which are 
used as a hydragogue cathartic in cases of dropsy. The greenish 
juice becomes gradually red by the formation of acetic acid in it. It 
may be preserved unchanged in the form of syrup. When mixed 
with lime and evaporated to dryness, it forms the colour called sap- 
green. The fruit of llhamnus Frarujula, Black Alder, is emetic and 
purgative. The berries of Rhamnus infectorius , as well as those of other 
species, are known by the name of French berries. They have been 
used for dyeing yellow. The fruit of many species of Zizyphus is 
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used for food; Zizyphm Jujuba supplies the fruit called Jujube; and 
the Lotus, or Lote-bush of the classics, whence the Lotophagi were 
named, is Zizyphm Lotus. A kind of Scinde lac is found on Zizyphm 
Jujuba . Paliurus aculeatm , Christ’s -thorn, is common in the hedges 
of Judaea. Ceanothm Americanos is used in America as an astringent, 
and its leaves, under the name of New Jersey Tea, have been used 
jis a substitute for Tea. The leaves of Segeretia thecezans are used for 
the same purpose by the poorer classes in China 

842. Order 65. — Anacardlaceep, the Cashew-nut. Family. (Polypet. 
Pengyn .) Flowers usually unisexual. Calyx usually small and per- 
sistent, with 5, or sometimes 3-4-7 divisions. Petals equal in number 
to the ealycinc divisions, perigynous, sometimes 0 ; imbricated in 
activation. Stamens either equal to the petals in number and alter- 
nate with them, or twice as many or more ; filaments distinct or 
cohering at the base, usually perigynous. Disk fleshy, annular or 
cup-shaped, sometimes inconspicuous. Ovary single, rarely 5 or 6, 
tree or adhering to the calyx, 1 -celled ; ovule solitary, attached by a 
funiculus to the bottom, or along the side of the cell; styles 1-3, 
occasionally 4; stigmas 1-3 or 4. Fruit usually drupaceous and 
iiidehisccnt. Seed ascending or frequently pendulous, from the ad- 
herence of the funiculus to the angle of the cell, exalbummous ; 
radicle inferior or superior, sometimes curved suddenly back ; cotyle- 
dons thick, fleshy, or leafy. — Trees or shrubs, with a resinous, often 
caustic juice, and alternate leaves without dots. The order is a sub- 
division of the Terebintliacea3 of Jussieu. The plants inhabit chielly 
the tropical parts of America, Africa, and India; some, however, are 
found in Europe. There are 41 known genera, and 95 species. 
Examples — Anacardium, Kims, Mangifera, Spondias. 

843. The order is characterized by the presence of an acrid resinous 
juice. In some cases, however, the fruit of the plants is edible. Many 
of them supply varnishes. Anacardium occidentale furnishes the 
Cashew-nut, which is remarkable lor its large succulent peduncle sup- 
porting the fruit or nut (fig. 227). The pericarp has the acrid pro- 
perties which pervade the order, while the seed is eatable. The 
fleshy peduncle is acid and edible, and a bland gum exudes from the 
bark. Pistacia vera is the Pistacia or Pistachio-nut tree, which ex- 
tends from Syria to Bokhara and Caubul, and is cultivated in the south 
of Europe. It has green-coloured oily kernels, which are used as 
articles of diet. P. Terebinthus is a native of the southern part of 
Europe, and the northern part of Africa, and yields a liquid resinous 
exudation, known as Chian turpentine. The turpentine receives its 
name on account of being collected in the island of Chio or Scio, where 
the plant thrives. The tree attains a height of 80 or 35 feet, and one 
tree will yield ten ounces of the liquid resinous matter, which thickens 
on exposure to air, by the loss of volatile oil. Like other turpentines, 
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it has diuretic and excitant properties. Pistacia Lmtisms , a native of 
the coasts and islands of the Mediterranean, furnishes the concrete 
resinous exudation called Mastiche or Mastic. It is a bush of about 
10 or 12 feet in height, which is cultivated abundantly in the island 
of Chios. Mastic is used as a masticatory for consolidating the gums 
and cleansing the teeth. It has also been employed as an antispas- 
modic, and it enters into the composition of varnishes. Rhus Toxico- 
dendron, Poison-oak, is a shrub found in Canada and the United 
States, the leaves of which have been used its stimulants in cases of 
palsy. Like the other species of this genus, it yields an acrid milky 
juice, which becomes black on exposure to the air. Rhus r a dicans, 
Poison-ivy, or Poison-vine, is probably another name of the same 
species. Rhus venenata, Poison-sumach, or Poison-elder, has acrid, 
poisonous properties, and contact with it, in some instances, gives rise 
to inflammation of the skin. Cases are related of persons who are 
peculiarly liable to be thus affected, and in whom the irritation caused 
by the juice of the poisonous species of Rhus is very great, and even 
alarming. Rhus conaria, R. typlnna * and R. glabra, are used for tan- 
ning, and their fruit is acid. Rhus C otinus is called Arhre d permqux 
in France, on account of the hairy appearance presented by its abortive 
pedicels. Many of the plants in this order furnish varnishes and 
marking ink. 8emecarpvs Anacardiurn, commonly called the Marking- 
nut tree, supplies the Sylhet varnish, while Melanorrlum usitatissima 
furnishes that of Martaban. 8tagmaria vernicijlua is the source of the 
hard black varnish called Japan Lacquer. The leaves of many of the 
species of Scliinus, a.s S. Malle, when broken and thrown on the sur- 
face of water, send out a resinous matter with great force, so as to cause 
a sort of spontaneous motion by the recoil. Although a resinous 
principle pervades the plants of this order, yet in some cases it is not 
developed in the fruit, which becomes eatable. Of this an illustration 
is furnished by the Mango, the produce of Mangifera indica. Hie 
Hog-plums of the West Indies are furnished by various species of 
Spondias, as S . purpurea and Momhin. 

844. Order GO. — Ainyridarems the Amyris Family. (Rolf /pet. 
Perigyn.) Flowers usually bisexual, sometimes unisexual by abortion. 
Calyx persistent, regular or nearly so, with 2 to 5 divisions. Petals 
3-5, inserted at the base of the calyx ; aestivation valvate or imbricated. 
Stamens twice or four times as many as the petals, perigynous. Disk 
covering the base of the calyx often in a ring-like manner. Ovary 
superior, sessile 1-5 -celled ; ovules in pairs, anatropal, pendulous or 
suspended ; style 1 or none ; stigma simple or lobed, sometimes capi- 
tate* Fruit dry, 1-5 -celled, indehiscent, or its epicarp splitting into 
valves. Seeds solitary, exalbuminous, with a superior radicle next 
the hilum, and cotyledons, which are fleshy or wrinkled. — Trees or 
shrubs, abounding in resin, with opposite or alternate compound leaves, 
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■which are frequently stipulate and dotted. They are natives of tropical 
regions. There are two suborders : — 1 . Amyridese, with an unilocular 
ovary. 2. Burserese, with a 2-5-celled ovary. Some look upon the 
stamens of Amyrideae as truly hypogynous, and consider the order as 
allied to Aurantiacere. Lindley gives 22 genera, and 45 species. 
Examples — Amyris, Boswellia, Bursera, Balsamodendron. 

845. The plants yield a, fragrant balsamic and resinous juice, which, 
in a dry state, is often used as frankincense, and is employed medici- 
nally as a stimulant or expectorant. The resinous substance called 
Elemi seems to be obtained from one of the plants of this order. 
Liimams referred it to Amyiis demifera , under which name several 
species seem to be included. Home authors think that Idea Idcariba 
furnishes elemi in Brazil, while Iioyle refers a Mexican kind to Eki- 
phrium elemiferum ; and other varieties, according to Cliristison, are 
probably the produce of Canarium commune and bahamifervm . The 
resin contains a stimulant volatile oil. Boswellia servata , a large In- 
dian tree, supplies the gum- resin called olibanum, or the true frankin- 
cense of the ancients, the naab of the Scriptures. It contains a vola- 
tile oil, and lists been used sis a stimulant, and as a material for fumi- 
gation. Balsamodendron ( Protiurn f) Myrrha , a shrub growing in 
Abyssinia, appears to be the source of the oliicinal myrrh, the of 
the Bible. It is si bitter aromatic gunt-resin, containing volatile oil, 
smd was used in ancient times sis frankincense. It is a heating stimu- 
lant, and is employed medicinally sis an emmenagogue and diaphoretic, 
sis well as for arresting various mucous discharges. The resin called 
Bdellium is procured from various species of Balsamodendron , as B. 
africamm and Boxburghil The celobrsited balsam called Balm of 
Gilead, is an exudation from Balsamodendron gileadense, Tacainahsic 
is procured from Elaphrium tomentosum. Various other balsams and 
resins are yielded by plants of this order. Amyris toxifera is said to 
be poisonous. 

846. Order 67. — €onuarace«\ the Connarus Family. ( Polypet . 
Perigyn.) Flowers bisexual, rarely unisexual. Calyx 5-partite, regu- 
lar, persistent ; aestivation imbricate or valvate. Petals 5, inserted at 
the base of the calyx. Stamens twice as many as the petals, inserted 
with tbemj and doubtfully hypogynous ; filaments united at the base. 
Ovary consisting of one or more separate carpels, each having a ter- 
minal style, and a dilated stigma ; ovules in pairs, collateral, ascending, 
orthotropal. Fruit follicular, dehiscing along the ventral suture. 
Seeds solitary or in pairs, erect, with or without albumen, sometimes 
arillate ; embryo with a superior radicle, remote from the liilum, and 
cotyledons, which are either fleshy or leafy. — Trees or shrubs, with 
compound, alternate, exstipulate leaves, which are not dotted. They 
are tropical plants, some of which have febrifuge properties. Qmpha- 
lobium Lamberti is said to furnish Zebra-wood. This order, as well as 
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the orders Anacardiacea? and Amyridacea?, are by many considered 
truly hypogynous, and as belonging to Thalamiflorse. Lindley includes 
them in his Kutal alliance. He notices 5 genera, and 41 species. 
Examples — Oonnarus, Omphalobium, Cnestis. 

847. Order 68. — Legiimino&fl* (Fabacefc of Lindley), the Pea and 
Lean Tribe. (Poh/pet. Perigi/n.) Calyx 5 -partite, toothed, or cleft 
(figs. 593, 594 c c), with the odd segment anterior (% 357); seg- 
ments often unequal and variously combined. Petals 5 (figs. 593, 
594), or by abortion 4, 3, 2, 1, or 0, inserted into the base of the 
calyx, sometimes equal, but usually unequal, often papilionaceous, 
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with the odd petal superior (fig. 594 r). Stamens definite or indefinite!, 
usually perigynous, distinct, or inonadelphous or diadelphous (fig. 

Figs. 593-597. — Organs of fructification of Lnthyros odoratus, Sweet-pea, a papilionaceous- 
flower, showing the structure of the natural order Legumiuosa k . 

Fig. 593. — Diagram of the flower, showing 5 divisions of the calyx, 5 petals, consisting of 2 
parts forming the cavinn, 2 alas and the voxillnm, which is superior, 10 stamens in 2 row s, 
diadolphous); ovary 1 -celled, formed by a single, carpel: one of the ovules shown with its funi- 
culus attached to the ventral suture. 

Fig. 594. — Longitudinal section of the. flower of Lathvrus odoratus. r c, Calyx, with 5 seg- 
ments. e, Vexillum or standard, being the superior or posterior odd petal, a, One of the aim, 
or wings, cn , One half of the carina, or keel, t, Tube of the stamens, the filaments being 
united in two bundles, or diadelphous. o, Ovary laid open, allowing tin* ovules attached to the 
placenta, on the ventral or upper suture, a, Stigma at the apex of the style which is continuous 
with the ventral suture. 

Fig. 595.— -Fruit, a Legume or Pod, opening by two valves, and dehiscing by the ventral and 
dorsal suture. Seeds attached on each side of the ventral suture, curved upon themselves, 
having a marked hilmn and funiculus fpodosperm or umbilical cord). 

Fig. 596. — A seed separated. /, Funiculus, c, Chalaza united to the funiculus by the raphe. 
m, Micropyle or foramen. 

Fig. 597.— Embryo, which occupies the entire seed after the spermoderm is removed, 
cc, Two cotyledons separated; they are fleshy and hypogeal, i.e. remain under ground during 
germination, g, Gemmule or plumule, r, KadicJe. 
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594 t), or rarely triadelphous ; anthers bilocular, versatile. Ovary 
superior, 1 -celled, consisting usually of a solitary carpel (fig. 594 f>), 
sometimes of 2-5 ; ovules 1 or many ; style simple, proceeding from 
the upper or ventral suture; stigma simple (fig. 594 s). Fruit a 
legume (figs. 440, 4fi9, 595), or a drupe. Seeds solitary or several 
(fig. 595), sometimes arillate, often curved (fig. 596); embryo usually 
exalbuminous, straight, or with the radicle bent upon the edges of the 
cotyledons (figs. 429, 516), which are either epigeal or hypogeal (% 629) 
in germination (fig. 597), and leafy (Phylloloboe) or fleshy (Rarcolobte). 
— Herbaceous plants, shrubs, or trees, with alternate, usually com- 
pound leaves, having two stipules at the base of the petiole (fig. 193), 
and two at the base of each leaflet in the pinnate leaves. Pedicels 
usually articulated. The flowers are frequently papilionaceous (fig. 
292), and the. fruit is commonly leguminous (figs. 460, 469, 470, 471), 
and by the presence of one or other of these characters the ordf r 
may be recognized. 

848. The plants of the order are very generally distributed over the 
globe, but many genera are very limited in their range. i)e Candolle 
gives the. following geographical distribution of the 3600 species known 
in liis day : — 


Equinoctial America, 605 

Basin of the Mediterranean, 468 

East Indies, 452 

Cape of Good Hope, 353 

Levant, 250 

New Holland, 229 

West Indies, 221 

Europe, excepting the Mediterranean, 184 

United States, 183 

Mexico, 152 

Equinoctial Africa, 130 

Siberia, 129 

Arabia and Egypt, 87 

China, Japan, Cochin-China, 77 

Isles of Southern Africa, 42 

South America, beyond the tropics, 29 

Canaries,.. 21 

South Sea Islands, 13 


It is said that no native species occur in the island of St. Helena. 

The order has been divided int o three suborders : — 1. Papilionacea? ; 
papilionaceous flowers, petals imbricated in aestivation, and upper 
one exterior. This suborder is subdivided into the tribes Podaly- 
riea?, Lotece, Yicieas, Hedysarea*, Phascolea, Dalbergiece, Sophoreas; 
according to the nature of the filaments, whether free or variously 
united, the form and dehiscence of the legume, the cotyledons whether 
fleshy or leafy, and the simple or compound nature of the leaves. 
Examples — Podalyria, Lotus, Cytisus, Pisum, Hedysarum, Phaseolus, 



400 


LEGUMINOS-E. 


Dalbergia. 2. C^salpinieae ; flowers irregular but not papilionaceous, 
petals spreading, imbricated in aestivation, upper one interior. Exam- 
ples — Ifcmatoxylon, Crcsaipinia, Cassia, Swartzia, Amherstia, Bauhinia, 
Copaifera, and Ceratonia. 3. Mimoseie ; liowers regular, petals val- 
vate in aestivation. Examples — Parkin, Mimosa, Acacia. 

The number of known genera at the present day, according to 
Lindley, is 4G7, comprehending Gf) 00 species. The following is the 
estimate of species in the different suborders and tribes, considered in 
reference to the flora of the globe and the flora of Britain (Bentham 
and Henslow) : — 


Suborders. Tribes. Species. 

1. Poddlyrie®, .350 

2. Lute® with) 3000 

Vick*®,... / 

1. Papilionacea* 3. Hedysnrwv, 500 

4. Phascolcie, G50 

5. Palberguw, 250 

^ G. Sopliomi*, 50 

2. Ctt'salpiniese, 700 

3. Mimose®, 1000 


liritish Species. 
0 


4 

0 

0 

0 

0 

0 


849. This is a very extensive and a very important natural order. 
It embraces many valuable medicinal plants, such as those yielding 
Senna, Gum-arabic, Tragacanth, Catechu, and Kino ; important dyes, 
as Indigo and Logwood ; many valuable timber trees, as Locust-tree 
and Rosewood; plants furnishing nutritious food, such as the Bean 
and Pea. The properties of the order may be considered in general 
as wholesome, although it contains some poisonous plants. Lindley, 
however, says that the order must be considered upon the whole as 
poisonous, and that the plants used for food are exceptions. 

850. Suborder Papilionacea\ The plants in this section have fre- 
quently beautiful sliowy flowers; for example, Uobinia , Laburnum, 
Wistaria, Lupinus, Clianthus, Erythrina, or Coral-flower, 1 fovea. They 
are ofteu nutritious. The various kinds of Clover, Beans, Peas, 
and Pulse, belong to it. The common red Clover is Trifolium pratensc. 
White or Dutch Clover (7 T . repens) springs up frequently on ground 
recently cleared. The Shamrock is generally considered as a species of 
Trefoil. Various species of Medick and Lucerne (Medicago, fig. 471 ), of 
Saintfoin ( Onobryvhis), and Melilot ( Melilotus ), are cultivated as food 
for cattle. Many are used for their medicinal qualities. Glycyrrhiza 
glabra, or Liquiritia officinalis, is the plant which yields liquorice-root. 
This plant is a native of the southern part of Europe, and it has been 
occasionally cultivated with success in Britain, especially at Pontefract 
in Yorkshire, and at Micham in Surrey. An extract is prepared from 
the root or underground stem by decoction in water, and subsequent 
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inspissation, It owes its sweetness to a peculiar principle called Glycion, 
or Glycyrrhizin, which appears also to be present in the root and 
leaves of other papilionaceous plants, as Glycyrrhiza echinata and 
glandulifera, TrifoUwn alpinnm and Alms precatorius. Liquorice is 
used medicinally as a demulcent. A sweet secretion (a kind of Manna) 
is produced by Alhagi Maurorum. Astragalus verus , creficus , aristatus , 
gummifer , and other species, yield an exudation known by the name 
of Gum Tragacanth. A. varus seems to be the chief source of the 
European tragacanth. Tt is a shrub found in Asia Minor and Persia, 
and the gum is procured by exudation or incision. Tragacanth forms 
with cold water a bulky jelly, while it is soluble in boiling water. It 
contains both Arabia and Bassorm in its composition, and is used as a 
demulcent. Myrospcmmu t, or Myroxyloit pcruiferum , yields the Balsam 
of Peru, while Myrospermum, or Myroxylou tola ijertnn , is the source of 
the Balsam of Tolu. These balsams are procured chiefly by making 
incisions in the trees. They consist of resinous and oily matter, with 
cinnamic acid, and they are used as stimulant expectorants. Pkrocarpu * 
Marsupimn, a tree of the Indian forests, furnishes the concrete exuda- 
tion called Kino. Batea frondosa, or the Phak tree of the East Indies, 
yields a similar product, and African Kino is procured from Pterocarpu # 
erinaceus. Kino is used as a powerful astringent, and is administered 
in the form of powder and tincture. Broom-tops, procured from 
Cytisus ( Sarothamnm ) Scoparius , are used as a diuretic. The hairs from 
the legumes of Mucuna pruriens in the West Indies, and of M. prurita 
in the East, under the name of Cowhage, or Cowitch, have irritat- 
ing properties, and, mixed with syrup, they are used in the treat- 
ment of intestinal worms. The leaves of Cnlutea, arborascens , Bladder 
Senna (fig. 470), are purgative, and are used abroad to adulterate the 
obovate or blunt-pointed Senna. The leaves of Tephrosia apolltnea 
are also purgative, and are occasionally mixed with Alexandrian 
Senna. The bark of A ndira inermis , the Cabbage-tree of the West 
Indies, acts as a purgative and anthelmintic. The fruit of Geo/froya 
superba , Umari, is much used by the inhabitants of Brazil on tin- 
banks of the Bio San Francisco ; the fruit is a drupe. 

Besides the plants which have active medicinal qualities, there are 
others which are valuable in commerce and the arts, as furnishing 
food, dyes, fibres, timber. Various species of Indiyofera , as 1. tinctoria 
and caru lea, furnish the Indigo of commerce. Pterocarpus santalinus 
yields red Sandal-wood, which is used as a dye. P. Draco yields 
Gum-Dragon, and P Dalbergioides is said to yield Andaman redwood, 
and to be valuable both as a dye and as timber. Baptism tinctoria 
gives a blue dye, and is the Wild Indigo of the United States. Dal- 
bergia Smoo is an Indian forest tree, which is valued on account of its 
wood. Crotalaria juncea supplies fibres, which are known as Sim or 
Bengal Hemp. The fragrant seeds of Drpterix odorata are known as 
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Tonka-beans. A similar fragrance is given out by some species of 
Melilot, tlie flowers and seeds of which are employed to give the 
peculiar odour to Gruyere cheese. Arachis hypogcea produces its 
legumes under ground, and receives the name of under-ground Kidney- 
bean, or Grouud-nut. Enjthrina monosperma yields Gum lac. The 
roots of Glycine Apios, or Apios tuberosa , are used as an article of 
food in America, liobinia pseudo-acacia is often cultivated in Britain 
as the Locust-tree. The tree attains in England a height varying 
from forty -five to eighty feet, and sometimes has a diameter of three 
feet. Its wood is durable. According to Bertoloni, a kind of Ebony 
is the produce of Fornasinia ebenifera , a papilionaceous plant, found 
in Gatfhtria, near Mozambique. Rosewood is said to be the timber 
of two or three species of Trioptolomea . It is rare to And papiliona- 
ceous plants produce double flowers. The Whin is one of the plants 
which exhibits this monstrosity. Desm, odium or lledysarum gyrans 
exhibits a remarkable irritability in its leaves (f 6(50). There are 
certain poisonous plants in this suborder. The seeds and bark of 
Cytisus Laburnum are narcotic; such is said also to be the case 
with those of Lathyrus Cicero, and L. Aphaca. The roots of many 
species of Phaseolus , as P. multijlorus , the Scarlet-runner, and P. 
radiatus , are poisonous. The branches and leaves of Tephrosia taxi - 
curia, and the bark of the root of Piscidia erythrina , Jamaica Dogwood, 
are employed as fish poisons. A species of Gompholobium has poisoned 
sheep in the Swan River colony. Coronilla varia acts as a narcotic 
poison. The leaves of it and of Coronilla Ernerus are sometimes used 
to adulterate Senna. 

851. Suborder Camlpirimv. In this section there are many plants 
which furnish purgative remedies. Among these may be noticed 
various species of Cassia. C '. lanceolate t, acutifolia , elongaia , obtusata , 
and obovata , supply the various kinds of Senna known as Alexandrian or 
Egyptian, Tripoli, and East Indian Senna. Other species also, as Cassia 
marilandica , Absus, corymbosa , biflora , tomentosa , a lata, and Porturegalis , 
have purgative leaves. Cassia Fistula , called also Cathartocarjms 
Fistula , has an indehisccnt pod, divided by numerous transverse 
phragmata (fig. 395), and containing a laxative pulp, which is a secre- 
tion from the endocarp. A pulp having similar properties is procured 
from the pericarp of Tamarindus indica , the Tamarind-tree. The pod 
of Ceratonia Siliqua is known as the Algaroba-bean, and is used occa- 
sionally for feeding horses. The tree is denominated Carol)- tree, and 
sometimes Locust-tree, or St. John’s Bread, from a tradition that thb 
pulpy matter surrounding the seeds supplied food to St. John in the 
wilderness. The pods of Jlymencea Courbaril , the West Indian Locust- 
tree, supply a nutritious matter ; its inner bark is anthelmintic, and 
the plant yields a kind of resin called Anime. The bark of Guikmdina 
Bonduc , the Nicker-tree, is bitter, tonic, and its seeds are said to be 
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emetic. The curved pods of Cmalpirda conaria , under the name of Divi- 
divi, are used for tanning. Ctvsalpinia brasiliensis yields the Brazil-wood 
of commerce, and the Mora-wood of Guiana is yielded by a large tree 
called Mora excelsa. Many dyes are furnished by the plants of this 
suborder, llcenmtoxylon campeachmium gives Logwood or Cam- 
peachy- wood, which is employed both as a dye and as an astringent. 
The inner wood is the part employed both in the arts and officinally. 
The alburnum is of a yellowish colour, and is not imported. The red 
colouring principle is Ilsematoxylin. Camlpinia echmata furnishes 
Pernambuco -wood ; C. sappan , Sappan-wood, the Wukkum or Bukkum- 
wood of Scinde ; Baphia rvitida , Camwood. Various species of Copai- 
fera , as C. Jacquinii , Langsclorjfii ’, biguga, midtiguga , Marta . , Guia- 
nensis , coriacea , &c., furnish the Balsam of Copal va, of which two 
kinds are distinguished — the West Indian and Brazilian. The balsam 
contains a resin and volatile oil. It is used in medicine as a stimulant, 
cathartic and diuretic, and is especially employed in the treatment 
of mucous inflammations. Cassia Chamamsta , marilanrtiea , and nidi- 
tans , all exhibit, according to Brumfield, a high degree of irritability ; 
the leaflets close together almost as soon as gathered, and even when 
rudely handled or brushed by the feet in walking through the herbage. 

85 2. Suborder Mimosea\ The plants of’ this section yield gum in 
large quantity, and their bark is frequently astringent. Acacia 
Ehrenbergii , tortiiis , Segal, arabica , vera , gimmifera , Adansonii , Verek , 
albida , and various other species, yield the gummy substances known 
as Gum Arabic, Gum Senegal, Barbary Gum, and East Indian Gum. 
A kind of gum is procured at the Cape of* Good Hope from Acacia 
KarTOo , and in New Holland, A . dccurreus yields another variety. 
A variety of Indian gum procured from A. arabica , is called Babul, 
or Babool-Gum ; Babul- wood is used for tanning in Scinde. These 
gums are all more or less nutritive and demulcent, and are adminis- 
tered in the form of mucilage, emulsion, or lozenges. The Wattles 
of Australia are species of Acacia, which furnish astringent barks. An 
extract made from them has been imported for the purpose of tanning. 
The inner wood of Acacia Catechu , an Indian shrub, furnishes a kind 
of Catechu, or Cutch, which contains much tannin, and is used for tan- 
ning, and as a powerful astringent. Some of the N ew Holland Acacias 
are remarkable for the peculiar development of the petiole, which 
assumes the form of a phyllodium (fig. 188/7). The large seeds o flCntada 
scandem are sometimes carried by the winds and tides from the West 
IrfHies, to the shores of the outer Hebrides. Some say that a species 
of Desmanthus is the source of the cellular substance called If ice-paper ; 
others refer it to the genus sEschynomem, Some of the plants in this 
suborder display peculiar irritability in their pinnate leaves. This is 
particularly the case with Mimosa, sensitiva and pudica , which arc 
commonly called sensitive plants (1) G59). Almost all of the pinnate * 
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leaved Leguminous plants close their leaves in a marked way during 
darkness. 

853. Order G9. — Moringace«e, the Moringa Family. {Poly pet. 
Perigyn .) Calyx 5 -partite ; aestivation slightly imbricated. Petals 5, 
rather unequal, upper one ascending. Stamens 8 or 10, perigynous; 
filaments slightly petaloid, callous, and hairy at the base ; anthers 
simple, 1 -celled, with a thick convex connective. Disk lining the 
tube of the calyx. Ovary superior, stipitate, 1 -celled; ovules anatro- 
pal, attached to parietal placentas; style filiform; stigma simple. 
Fruit a pod-like capsule, 1 -cel led, 3-valved, opening by loculieidal 
dehiscence. Seeds numerous, half buried in the spongy substance of 
the valves, sometimes winged, cxalhuminous ; embryo with a superior, 
straight, small radicle, anti fleshy cotyledons. — Trees, with bi- or tri- 
pinnate, stipulate leaves, natives of the East Indies and Arabia. Some 
of them are pungent and aromatic. The seeds of Moringa pterygo- 
sperma , Horse-radish tree, are winged, and are called Ben-nuts. From 
them is procured a fluid oil, used by watchmakers, and called Oil of 
Ben. The root is pungent and stimulant, and resembles Horse-radish 
in its taste. Lindley places tliis order in his Yiolal alliance. He men- 
tions 1 genus, and 4 species. Example — Moringa. 

854. Order 70. — Rosacea', the Kose Family. ( Polypet . Perigyn .) 
(Figs. 226, 235, 236, 276, 289, 385, 598). Calyx 4-5-lobed (fig. 
599 cc), the fifth lobe superior. Petals as many as the divisions of 
the calyx, often 5 (fig. 599 p c), sometimes wanting, perigynous, 
generally regular; aestivation quincimcial (fig. 598). Stamens inserted 
with the pedals (fig. 599 c), definite or indefinite ; filaments in curved 
in aestivation; anthers bilocular (fig. 600) dehiscing longitudinally 
(tig. 322). Ovaries superior, either solitary or several, unilocular 
(fig. 603), sometimes uniting so as to form a many-eelled pistil; 
ovules 3, 2, or more, anatropal, suspended (fig. 373 y, 601 y), rarely 
erect; styles lateral (figs. 400, 601, 603); stigmas usually simple. 
Fruit either achania (fig. 270) or drupes (figs. 373, 602), or follicles 
or pomes (fig. 472). Seeds erect or inverted, usually cxalhuminous ; 
embryo straight, with the radicle next the liilum (figs. 603, 605), and 
leafy or fleshy cotyledons (figs. 501, 604). — Herbaceous plants, or 
shrubs, or trees, with simple or compound, alternate, stipulate leaves 
(fig. 191), and the flowers sometimes unisexual. They are found 
chiefly in the cold and temperate climates of the northern hemisphere. 
Some are found on high mountains within the tropics, and a few occur 
in warm regions. 

The order has been divided into the following suborders : — 1. 
Chrysobalanese, petals and stamens more or less irregular; ovary 
stipitate, its stalk adhering on one side to the calyx, style basilar 
(fig. 401), fruit a 1-2-celled drupe. 2. Amygdalea? (Drupacece <of 
Lindley), tube of calyx lined with a disk, styles terminal, fruit a drupe 
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(figs. 308, 371-373). 3. Spiraea?, calyx-tube herbaceous, lined with a 

disk, fruit consisting of numerous follicles, seeds apterous. 4. Quillaicse, 
flowers unisexual, calyx-tube herbaceous, fruit capsular, seeds winged 
at the apex. 5. Sanguisorbea?, petals 0, tube of calyx thickened and 
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indurated, lined with a disk, stamens definite, nut solitary, enclosed in 
the calycine tube. 0. Potcntillea?, calyx-tube herbaceous, lined with 
a disk which sometimes becomes fleshy, fruit consisting of numerous 
acheTnia. 7. llosete, calyx- tube contracted at the mouth, becoming 
flesliy, lined with a disk, and covering numerous hairy achaenia (figs. 
270, 289). 8. Pomea? (Pomacea? of Lindley), tube of calyx more or 

less globose, ovary fleshy and juicy, lined with a thin disk, fruit a 1-5- 
celled (fig. 472) or spuriously 10-celled pomum. There are 82 known 
genera, and about 1000 species. Examples — Chrysobalanus, Amyg- 

Figs. 598-605. — Organs of fructification of Rubus strigosus, illustrating the natural order 
Rosacem. 

Fig. 698 — Diagram of the flower, with 5 divisions of the calyx, 5 quincuncial petals, inde- 
finite perigynous stamens, and numerous succulent carpels. 

Fig. 699.— The flower cut vertically, cc, Calyx, pe,, Petals, r, Stamens, d, Disk, lining 
the base of the calyx, upon which the stamens are inserted, pi, Pistil composed of several 
Carpels. 

Fig. 600.*— Bilocular anther separated with the upper part of the filament, seen on the outside. 

Fig. 601.- -Ovary, o, cut vertically, g, Exalbuminous, suspended seed, s, Lateral style. 

Fig. 602. — Fruit. /, Fleshy carpels accompanied with the persistent calyx, c, connected with 
which the withered filaments are seen. 

Fig. 603. — Vertical section of a carpel. «, Lateral style, m, Fleshy mesocarp or sarcocarp. 
e, Endocarp. g, Seed. 

Fig. 604.— Horizontal section of the exalbumiuons seed, t, Integument (spermoderra). c, Cu- 
tyledons of the embryo. 

Fig. 605.— Embryo isolated. It fills the entire seed. 
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dalus, Prunus, Spiraea, Quillaia, Sanguisorba, Po ten til la, Rubus, 
Fragaria, Rosa, Pyrus. 

855. Many of the plants of the order yield edible fruits, such as 
Raspberries, Strawberries, Brambles, Plums, Apples, Pears, Quinces, 
Cherries, Almonds, Peaches, Nectarines, and Apricots. Some are 
astringent, others yield hydrocyanic acid. Those belonging to the 
suborder Chrifsobalanecm , are principally natives of the tropical parts 
of Africa and America. Many of them furnish edible fruits. The 
drupes of Chn/sobalanits Icaro , are eaten in the West Indies under 
the name of Cocoa-plums. The root and bark are used as astringents. 

The plants in the suborder Amygdalm , are chiefly remarkable on 
account of the presence of hydrocyanic acid in their kernels, leaves, or 
flowers. Amygdalus communis , the Almond-tree, grows naturally in 
Barbary and in Asia, from Syria to Afghanistan. It is extensively 
cultivated in the south of Europe. There are two varieties of the 
tree, — a. dulci yielding the sweet Almond, and (3. amara , yielding 
the bitter Almond. In the former, the style is much longer than the 
stamens, and there are glands on the base of the leaf; while in the 
latter, the style is equal in length to the stamens, and the glands are 
situated on the petioles. The chief kinds of sweet Almonds are the 
Valentia, the Italian, and the Jordan Almonds ; the latter come from 
Malaga. Under the name of Shell Almonds, they arc; often sold with 
the brittle ondocarps on them. They consist chemically of a bland 
fixed oil, and a kind of vegetable albumen called Emulsin or Synap- 
tase. Bitter Almonds are imported from Mogadore. Besides a fixed 
oil and synaptase, they contain a bitter azotised principle called Amyg- 
dalin, which, when brought into contact with a solution of Emulsin, 
produces a volatile oil, containing hydrocyanic acid. This gives rise 
to the peculiar aroma of bitter Almonds, when mixed with water. 
Sweet Almonds are used medicinally, in the form of emulsion, as 
demulcents. The hydrocyanated essential oil of bitter Almonds is 
sedative, and has been used as a substitute for Prussic acid. They 
sometimes produce derangement of the digestive functions, and give 
rise to nettle-rash. The leaves of Amygdalus per sic, a ( Persica vulgaris 
of some), the Peach, contain a similar oil, and have been employed as 
sedative and vermifuge. The flowers of the Peach exhale the odour 
of bitter Almonds. Peaches are divided into Freestone and Cling- 
stone, according as the pulp (sarcocarp) separates easily from the 
endocarp or adheres to it. The fruit of Prunus domestica , the Plum- 
tree and its varieties, when dried, constitute Prunes, which are used 
medicinally, on account of their nutritive and laxative qualities. The 
leaves of Prunus or Cerasus Laurocerasus , Cherry Laurel, or common 
Bay Laurel, have been used medicinally, as anodyne and hypnotic 
remedies. The water distilled from them has poisonous properties, 
owing to the presence of a hydrocyanated oil, which seems to be de- 
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veloped in a similar manner as in the case of bitter Almonds. The oil 
exists in largest quantity in the young leaves. Pntnus Lusiianiea is 
the Portugal Laurel, which is extensively cultivated in Britain as an 
evergreen. The leaves of Primus spirnsa , the Sloe, have been used 
as a substitute for, as well as an adulteration of Tea. The fruit of a 
variety of Cerasus avium , the Cherry, is used in the manufacture of 
Kirschenwasser. The kernel of Cerasus oceldentalis is used for flavour- 
ing Noyau. The flavour of Ratafia, Cherry-brandy, and Maraschino, 
are due to the kernels of Cerasus. 

The suborder Pomecu supph'es many edible fruits, as Apples, Pears, 
Medlars (fig. 472), and Quinces. The seeds, and occasionally the 
flowers and bark of some, yield hydrocyanic acid. All the cultivated 
varieties of Apple are derived by grafting from the native species, 
Pyrrn Mains; while Pears have their origin in Pyrm communis. The 
seeds of Cydonia vulgaris ( Pyrus Cydonia), the Quince, when boiled in 
water, yield a mucilaginous decoction, which lias been used as a demul- 
cent. Malic acid is found in some of the fruits of this suborder. 
Eriobotrya japonica yields the Loquat, a Japan fruit. 

The other suborders contain plants which are distinguished by astrin- 
geut and tonic qualities. (hum urbanuvi and 7 wale (Avens) have been 
employed as tonics and astringents, as also the root of Potentilla Tormen - 
tilla (Tormentil). The varieties of Scotch Roses are derived from Rosa 
spinosissirm. The fruit of Rosa canina , the Dog-rose, which consists of 
the enlarged fleshy calyx enclosing numerous aehania (fig. 270), is 
beat into a pulp with sugar, and used as an acidulous refrigerant and 
astringent. The petals of Rosa gallica , Red, French, and Provins 
Rose, are employed in the form of infusion, as a tonic and slightly 
astringent remedy. The petals of Rosa centifolia , the Hundred - 
leaved or Cabbage-rose (fig. 88), and its varieties, R. damascene , 
Damask-rose, R. moschata, Musk -rose, &c., are employed in the pre- 
paration of Rose-water, and of the oil or attar of Roses. It is stated 
by Dr. Christison, that 100,000 roses, the produce of 10,000 bushes 
of Rosa damascene , yield at Grhazeeporc only 180 grains of attar. 
The bark of many species of Quillaia , as Q. saponaria , are used as a 
substitute for soap. 

856. Order 71. — Calycanthaeea*, the Calycanthus Family. {Polypet. 
Pengyn.) Sepals and petals confounded, indefinite, combined in a 
fleshy tube ; aestivation imbricated. Stamens 00 , perigynous ; anthers 
adnate, extrorse, with longitudinal dehiscence. Ovaries several, 1- 
celled, adhering to the tube of the calyx ; ovules solitary or two, one 
above the other, anatropal; style terminal. Fruit consisting of achaenia, 
enclosed in the fleshy tube of the calyx. Seed exalbuminous ; embryo 
straight ; cotyledons convolute ; radicle inferior. — Shrubs, with square 
stems, consisting of a central woody mass, with four smaller ones 
around (If 90) ; leaves opposite, simple, scabrous, exstipulate. They 
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are natives of North America and Japan. Their flowers are aromatic, 
the bark of some is used as a carminative. Caljcantlms forking 
is called Carolina or common American Allspice. The order includes 
2 genera, and 6 species. Examples — Calycanthus, Chimonanthus. 

857. Order 72. — Lytliracei*, the Loosestrife Family, ( Polypet . 
Perigyn.) Calyx tubular, lobed, the lobes sometimes with intermediate 
lobes or teeth ; aestivation valvate. Petals alternate with the primary 
lobes of the calyx, very deciduous, sometimes 0. Stamens inserted 
into the tul >e of the calyx a little below the petals, equal in number to 
them, or two, three, or four times as many; anthers adnate, ditliecal, 
introrse, with longitudinal dehiscence. Ovary superior, 2-6-ccllcd ; 
ovules numerous, anatropal ; style filiform ; stigma usually capitate. 
Fruit a dehiscent membranous capside, surrounded by the calyx but 
not adherent to it, sometimes 1 -celled by the obliteration of the dis- 
sepiments. Seeds numerous, small, apterous or winged, exalbuminous, 
attached to a central placenta; embryo straight; cotyledons fiat and 
fbiiaceous ; radicle next the hilum. — Herbs and shrubs, with branches 
which are usually tetragonal, and with opposite, rarely alternate, entire, 
exstipulate leaves without glands. They are natives of Europe, North 
and South America, and India. The order is divided into two sub- 
orders: — 1. Lythrem, with apterous (wingless) seeds. 2. Lager- 
strotnieie, with winged seeds. Lindley gives 35 genera, including 300 
species. Examples — Ly thrum, Cuphea, Lagerstromia. 

858. Many of the plants of the order are distinguished by astringent 
properties, and some are used for dyeing. Eythruin Salicaria , Purple 
Loosestrife, or Willowstrife, a European plant, found also in Australia, 
has been used in cases of diarrhoea, on account of the tannin in its 
imposition. The Henna, or Alhenna of the Arabs, which is used in 
Egypt for dyeing orange, is the product of Lawsonia inermis . The 
Cnpheas are remarkable for the mode in which the placenta bursts 
through the ovary and floral envelopes, so as to expose the seeds. 

851). Order 73. — Rlilzoplioraieew, the Mangrove Family. (Polypet 
Epigyn.) Calyx adherent, 4- 12 -lobed; aestivation valvate, or some- 
times calyptriform. Petals arising from the calyx, alternate with the 
lobes, and equal to them in number. Stamens inserted with the 
petals, twice or thrice their number; filaments distinct, subulate; 
anthers erect. Ovary 2-3-4-cell ed ; ovules 2 or more in each cell, 
anatropal. Fruit in dehiscent, adherent to the calyx, and crowned by 
it, unilocular, monospemious. Seed solitary, pendulous, exalbuminous ; 
cotyledons flat ; radicle long, piercing the fruit. — Trees or shrubs, with 
simple opposite leaves, and deciduous intcrpetiolary stipules. They 
are found on the muddy shores of the tropics. There are 5 genera, 
and 20 species known. Examples — Khizophora, Kandelia. 

860. The plants of the order have frequently an astringent bark, 
which is in some cases used for dyeing black. Khizophora Mangle , the 
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Mangrove, forms thickets at the muddy mouths of rivers in tropica, 
countries, and sends out adventitious roots which often raise the main 
trunk much above its original level, and give the tree the appearance 
of being supported upon stalks. The fruit is sweet and eatable. The 
embryo germinates before the fruit falls, and the radicle is much elon- 
gated before the seed drops into the mud. The anther consists of 
numerous cells containing pollen. 

861. Order 74. — Vocliysiaeoa*, the Vochysia Family. (Poh/pet, 
Perkfi/u.) Sepals 4-5, united at the base, unequal, the upper one 
largest and spurred ; activation imbricated. Peteils 1, 2, 3, or 5, 
alternate with the divisions of the calyx, and inserted into its base, 
unequal. Stamens 1-5, opposite to, or alternate with the petals, 
perigynous, one having an ovate, fertile, 4-celled anther, the rest 
being sterile. Ovary free, or partially adherent, to the calyx, 3 -celled ; 
ovules solitary or in pairs, rarely numerous, amphitropal or anatropal; 
style and stigma one. Fruit a triquetrous, 3 -celled and 3-valved 
capsule, usually with loculicidal dehiscence. Seeds usually 1-2 in each 
cell, erect, exalbuminous, attached to a central placenta ; embryo 
straight ; cotyledons large and leafy ; radicle short and superior. — 
Trees or shrubs, with opposite, entire, stipulate leaves. They inhabit 
the warmer parts of America. Their properties are little known. 
There are 8 genera enumerated, including 51 species. Examples — 
V ochy sia, Qualea. 

802. Order 75. — €omliretac*ea», the Myrobalan Family. ( Polypet . 
Epigtjn .) Calyx 4-5-lobed, lobes deciduous. Petals arising from the 
orifice of the calyx, alternate with the lobes, or wanting. Stamens 
epigynous, twice as many as the lobes of the calyx, rarely equal in 
number, or thrice as many; filaments distinct, subulate; anthers di- 
thecal, dehiscing longitudinally or by recurved valves. Ovary adherent 
to the tube of the calyx, unilocular; ovules 2-4, pendulous; style 1; 
stigma simple. Fruit succulent or nut-like, inferior, unilocular, hide- 
hiscent, often winged. Seed solitary, pendulous, exalbuminous ; 
cotyledons leafy, usually convolute, sometimes plicate ; radicle turned 
towards the hilum. — Trees or shrubs, with alternate or opposite exsti- 
pulate, entire leaves. They are natives of the tropical regions of Asia, 
Africa, and America. The general property of the order is astringcncy. 
Many are used for tanning, and some for dyeing. The lruit of Ter - 
minalia Bderica , and of T. Chdrnla , under the name of Myrobalans, 
is used as an astringent. The seeds of Tetminalia Catappa are eaten 
like almonds. The order has been divided into three suborders : — 
1. Terminaliese, petals 0, cotyledons convolute. 2. Combretea}, petals 
present, cotyledons plicate. 3. Gyrocarpese, petals 0, cotyledons con- 
volute, anthers dehiscing by recurved valves. There are 22 genera 
enumerated by Lindley, including 200 species. Examples — Termi- 
nals, Combretum, Gyroearpus. 
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863. Order 76. — Melastomacew, the Melastoma Family. ( Polypet . 
Perig. or Epigyn.) Calyx with 4, 5, or 6 divisions, which are more or 
less deep, or are sometimes united and separate from the tube like a 
lid. Petals equal to the segments of the calyx, perigynous, aestivation 
twisted. Stamens equal in number to the petals and alternate with 
them, usxially with intermediate sterile ones ; filaments curved down- 
wards in the young state ; anthers long, often beaked, bilocular, 
dehiscing by two terminal pores or longitudinally. Ovary more or 
less adherent to the calyx, plurilocular ; ovules usually 00 ; style 1 ; 
stigma simple, either capitate or minute. Fruit plurilocular, either 
capsular, with loculicidal dehiscence, or succulent, combined with the 
calyx and in dehiscent. Seeds go, minute, attached to central pla- 
centas, exalbuminous ; embryo, straight or curved ; cotyledons some- 
times unequal, flat, or convolute. — Trees, shrubs, or herbs, with 
opposite, undivided, usually entire, often 3 -i) -ribbed leaves, not dotted. 
They are found chiefly in warm climates. Many are natives of 
America and India. There are no unwholesome plants in the order, 
and the succulent fruit of several is edible. A slight degree of astrin- 
gency pervades all the plants of the order, and hence some are used 
medicinally in cases of diarrhoea. The name Melastoma {[jbtXag, black, 
and arofL a, mouth), is derived from the circumstance that the fruit of 
some dyes the lips black. There are two suborders : — 1 . Melastomea 1 , 
with ribbed leaves and flat cotyledons. 2. Memecylefe, with ribless 
leaves and convolute cotyledons. Lindley notices 118 genera, com- 
prising 1200 species. Examples — Melastoma, Osbeckia, Lasiandra, 
Khexia, Lavoisiera, Miconia, Charianthus, Memecylon, Mouriria. 

864. Order 77. — Alansslaceup, the Alangium Family. {Polypet. 
Epigyn.) Calyx campanulate, adherent, 5- 10-toothed. Petals 5-10, 
linear, re Hexed, inserted into a fleshy disk, which is adherent to the 
calyx and ovary ; aestivation twisted. Stamens long, exserted, 2 or 4 
times as many as the petals ; filaments distinct, villous at the base ; 
anthers bilocular, achate, introrse, often sterile. Ovary globose, uni- 
bilocular ; ovules solitary, anatropal ; style filiform ; stigma capitate 
or conical. Fruit oval, fleshy, coherent with the tube of the calyx, 
and somewhat crowned by its limb, slightly ribbed ; endocarp some- 
times osseous, with a foramen at the apex. Seed solitary, anatropal ; 
albumen fleshy, brittle ; embryo straight ; cotyledons flat, foliaceous ; 
radicle long, superior. — Trees or shrubs, with alternate, exstipulate 
leaves, which are not dotted. They are found chiefly in India, some 
are natives of America ; some of the plants yield edible fruits, others 
are purgative. Lindley enumerates 3 genera, comprehending 8 species. 
Examples — Alangium, Nyssa. 

865. Order 78. — PhUadelphacew, the Syringa Family. {Polypet 
Epigyn .) Calyx with a 4-10-divided, persistent limb. Petals alter- 
nate with the divisions of the calyx, and equal to them in number ; 
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aestivation convolute, imbricate. Stamens op (rarely 10), in one or 
two rows, arising from the orifice of the calyx. Ovary adherent to 
the tube of the calyx; styles distinct, or united into one; stigmas 
4-10 ; ovules oo, attached to a central placenta. Fruit a 4- 10 -celled 
capsule, free above. Seeds oo, scobiform, subulate, smooth, pendulous, 
with a loose membranous arillus ; albumen fleshy ; embryo straight, 
about as long as the albumen ; cotyledons flat; radicle next the hilum, 
obtuse. — Shrubs with deciduous, opposite, exstipulate leaves without 
dots ; flowers usually in trichotomous cymes. They are natives of 
the South of Europe, of North America, Japan, and India. They have 
no marked properties. The flowers of Philadclphus coronarius , Syringa, 
have a peculiar sweetish odour, which to some persons is overpowering 
and disagreeable. The smell is due to the presence of an oil. Deutzia 
scabra has a scurfy matter on its leaves, which, under the microscope, 
is seen to consist of beautiful stellate hairs. There arc 3 genera enu- 
merated, including 25 species. Examples — Philadclphus, Deutzia, 
Decumaria. 

866. Order 79. — Myrtaeea*, the Myrtle Family. ( Polypet . Epigyn .) 
Calyx, 4-5-6-8-cleft, the limb sometimes cohering at the apex, and 
falling off like a lid ; estivation valvate. Petals attached to the calyx, 
alternating with its segments, and equal to them in number, with a 
quincuncial aestivation, rarely 0. Stamens inserted with the petals, 
twice as many as the petals, or oc ; filaments distinct, or united in one 
or more parcels, curved inwards in the bud ; anthers ovate, dithccal, 
with longitudinal dehiscence. Ovary adherent to the tube of the, 
calyx, l-G -celled ; style and stigma simple; ovules anatropal, pendu- 
lous or erect. Fruit dry or fleshy, dehiscent or indehiscent. Seeds 
usually oo, attached to a central placenta ; mostly cxalbuminous ; 
embryo straight or curved; cotyledons distinct (fig. 514), or consoli- 
dated with the radicle, which is next the hilum. — Trees or shrubs, 
with opposite, rarely alternate leaves, which are usually entire and 
dotted, and frequently have an intramarginal vein. They are natives 
chiefly of warm countries, as Soutli America and the East Indies. 
Many, however, are found in more temperate regions. Some of the 
genera are peculiar to Australia. The order has been divided into 
the following suborders: — 1. Chamadaucieee, licath-likc plants with a 
1 -celled ovary and capsule, and opposite dotted leaves. 2. Lepto- 
spermea?, having a plurilocular capsule, and opposite or alternate, usually 
dotted leaves. 3. Myrtecc, having a baccate fruit, distinct stamens, 
opposite dotted leaves. 4. Barringfconiese, having a fleshy 1 -celled 
fruit, monadelphous stamens, albuminous seeds, opposite or verticillate 
leaves, not dotted. 5. Lccytliidese, having a plurilocular woody cap- 
sule, which either remains closed or opens by a lid, monadelphous 
stamens, alternate, not dotted leaves. Several of these suborders are 
made separate orders by Lindley and others. There are 77 known genera, 
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and upwards of 1 400 species. Examples — Chamariaucium, Calytrix, 
Leptospcrmiim, Melaleuca, Metrosideros, Eucalyptus, Myrtus, Psidium, 
Eugenia, Caryophyllus, Barringtonia, Gustavia, Lecytliis, Berthollctia. 

807. Many of the plants of the order yield an aromatic volatile oil. 
This is particularly the case with those having pellucid dots in their 
leaves. Many yield edible fruits, others furnish astringent, and saccha- 
rine substances. The leaves of some species of Leptospermum and 
Melaleuca are used as tea in Australia.. The leaves of Melaleuca minor 
( Cajupvti of some), a native of the Moluccas, yield the volatile oil of 
Cajepnt It is a very liquid oil, of a grass-green colour, having a 
pungent cainphoraccous odour, and capable of dissolving caoutchouc. 
It. is used medicinally as a stimulant and antispasmodic. Species of 
Eucalyptus constitute the gigantic gum-trees of Australia, some of 
which attain a height of two hundred feet. They are remarkable for 
their operculate calyx, which may be considered as formed by several 
jointed lea ves (like those of the orange), united throughout, and sepa- 
rating at the articulation in the form of a lid (^[ 3 GO). Their bark also 
separates remarkably in layers. They yield an astringent matter, which 
has been used for tanning. Eucalyptus resinifera , Brown Gum-tree of 
New Holland, furnishes Botany-Bay Kino, an astringent resinous-like 
substance, which exudes in the form of red juice from incisions in the 
bark. A single tree will yield sixty gallons. E. mannifera gives a sac- 
charine exudation resembling manna. A saccharine substance, mixed 
with cellular hairs, which arise from a cup-like body, has been sent 
to this country by Mr. Cay, found upon the leaves of 25. dumosa. 
It is called Layurp by the natives, and is thought by Mr. Newport 
to be the produce of an insect of the tribe Coccida\ The wood of 
many species of Metrosideros is hard and dark-coloured. The flower- 
buds of Caryophyllus aromatic us {Eugenia caryopliyllata :), a tree which 
was originally a native of the Moluccas, but is now cultivated in the 
East and West Indies, constitute the Cloves of commerce. They have 
the form of a nail, and, when examined, are seen to consist of the tubu- 
lar calyx with a roundish projection formed by the unopened petals. 
They contain a volatile oil, associated with resinous, gummy, and 
astringent matter. The oil is aromatic and acrid, and has been used 
as a condiment and a stimulant carminative. Pimento, Allspice, or 
Jamaica Pepper, is the berried fruit of Eugenia Pimenta (Myrtus 
Pimenta ), a tree which is a native of the West Indies and Mexico. 
The fruit has an aromatic odour, and its taste combines that of cinna- 
mon, nutmeg, and cloves; hence the name Allspice. It contains 
an acrid volatile oil, to which its properties are due. Medicinally, 
Pimento is sometimes employed as a stimulant and carminative. The 
fruit of Eugenia acris is used for Pimento. Among the pulpy edible 
fruits of the order may be noticed Guavas and Rose-apples. The 
former are the produce of various species of Psidium , such as P. pyn- 
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ferum , pomiferum , and Cattleyanum ; the latter are procured from species 
of Eugenia, as E. Janibos , and Malaccensis. The berries of the com- 
mon Myrtle {Myrtus conununis ) are also used as food. Punica Gram - 
turn, the Pomegranate-tree, is a native of the wanner parts of Asia and 
Northern Africa, whence it was introduced into Europe. It is the Jim 
of Scripture. It produces dark scarlet flowers, formerly called Balaustia, 
which have been used as an astringent. The fruit of the Pomegranate 
has given rise to much difference of opinion among botanists. It is 
composed, in the young state, of two rows of carpels, some of which are 
placed round the axis, and adhering to the bottom of the calycinc 
tube, while others are placed outside, and adhere to the upper part of 
the tube. The subsequent contraction of the tube of the calyx, and 
the peculiar adhesion of the placentas, according to Lindley, account 
for the anomaly in the fruit (Balausta, % 550). The rind of the fruit 
(malicorium), and the bark of the root, are used as anthelmintics, 
especially in cases of tape-worm. Leeythis ollaria , a large Brazilian 
tree, yields the woody capsules called Monkey-pots, which open by 
circmnseissilc dehiscence. These seed-vessels seem to be formed in 
the same way as the calyx of Eucalyptus, the part wdierc the lid 
separates indicating the articulations of the earpellary leaves. The 
seeds are eatable, and are relished by monkeys. The bark of the tree 
may be separated into numerous thin layers. BerthoUetia excelsa is the 
source of the Brazil nuts. 

808. Order 80. — Onagraccsp, the Evening-1 Timrose Family. (Po/?/- 
pet. Epigyn.) Calyx tubular, the limb having usually 4 (fig. 31)0 /), 
sometimes 2, 3, or 0 divisions (fig. 531), which cohere in various 
ways ; estivation valvate. Petals usually equal in number to the 
calycine segments, regular (rarely irregular), inserted into the tube of 
the calyx (fig. 300 p ) ; aestivation twisted. Stamens usually 4 or 8 
(rarely 1 or 2, fig. 531), epigynous (fig. 300 c); filaments distinct; 
pollen triangular, usually cohering by threads. Ovary 2-4-celled 
(figs. 384, 531), adherent (fig. 309 <>), usually with an epigynous 
disk; style filiform; stigma capitate (fig. 300 s) or 4-lobed; ovules 
(figs. 384 o, 390 g) indefinite, rarely definite, anatropal. Fruit succu- 
lent or capsular, dehiscent or indehiscent, 1 -2-4-celled. Seeds usually 
oo, exalbumin ous ; embryo straight, with a long slender radicle point- 
ing to the hilum, and short cotyledons. — Herbs or shrub?, with alter- 
nate or opposite, simple, not dotted leaves, and with the parts of the 
flower usually tetramerous. They inhabit chiefly temperate regions, 
and are found abundantly in Europe, Asia, and America, aud sparingly 
in Africa. Some yield edible fruits, as Fuchsia , others furnish edible 
roots, as (Enotheva biennis . Many of them have mucilaginous proper- 
ties, while a few are astringent. Trapa lias unequal cotyledons. T. 
natans , Water Chestnut, and T. bicornis , remarkable for its horned 
fruit, both supply edible seeds. There are about 30 known genera, 
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and upwards of 450 species. Examples — (Enothera, Epilobium, Jussiaea, 
Montinia, Fuchsia, Circ&a, Gaura, Trapa. 

869. Order 81. — HaIor«gcacea», the Mare’s-tail Family. ( Polypet . 
Epigyn.) Calyx with a minute limb, which is either 3-4-divided or 
entire ; it is sometimes reduced to a mere rim. Petals epigynous or 
0. Stamens epigynous, equal in number to the petals, or twice as 
many, rarely fewer ; when the petals are wanting, stamens often 1 or 
2. Ovary cohering with the tube of the calyx, with 1 or more cells, 
sometimes tetragonal or compressed. Style 0, what is frequently called 
the styles being the papulose stigmas, which lire equal in number to 
the cells ; ovules pendulous, anatropai. Fruit dry, indehiscent, mem- 
branous or bony, with 1 or more cells. Seed solitary or in pairs, 
pendulous ; albumen llcshy or thin ; embryo straight, or slightly 
curved, in the axis of the albumen; cotyledons minute; radicle superior, 
long. — Herbs or undershrubs, often aquatic, with large air cavities, 
having alternate, opposite, or whorled leaves, and axillary, sessile 
flowers, which are occasionally unisexual. They are found in ditches 
and lakes in various parts of the world. They have no properties of 
importance. There are 8 known genera, and about 70 species. Exam- 
ples — llippuris, Myriopliyllum, Haloragis, Callitriche. 

870. Order 82. — Loasaceap, the Chili-Nettle Family. ( Polypet . 
Epigyn.) Calyx 4 -5 -parted, persistent, spreading in aestivation. 
Petals 5, cucullate, epigynous, alternate with the segments of the calyx, 
sometimes with an inner row of 5, which are either similar to the outer 
or dissimilar; aestivation indexed, valvate, or twisted. Stamens oc, in 
several rows, distinct, or polyadelphous, each parcel being opposite the 
outer petals ; filaments subulate, unequal, the outer ones often sterile. 
Ovary inferior, 1 -celled, with parietal placentas; ovules anatropai; 
styles combined into 1 ; stigma 1 or several. Fruit capsular or suc- 
culent, 1 -celled. Seeds without an arillus; embryo straight, in the 
axis of fleshy albumen; cotyledons small, flat; embryo pointing to the 
hilurn. — Herbaceous plants, hispid with stinging hairs, having oppo- 
site or alternate exstipulate leaves, and axillary 1 -flowered peduncles. 
They arc American plants, cliicfly distinguished for their stinging 
qualities, and lienee the name of Chili-Nettle. There are 15 genera 
enumerated by Lindley, including 70 species. Examples — Loasa, 
Mentzelia, Gronovia. 

871. Order 83. Cncurbltacea*, the Cucumber Family. ( Polypet or 
Monopet . Epigyn. and JJwliues.) Calyx 5-tootlied (tigs. 396 Z, 606 c), 
sometimes obsolete. Petals 5, distinct, or more or less united, some- 
times scarcely distinguishable from the calyx, strongly marked with 
reticulated veins (figs. 396 p y 606 p), sometimes fringed. Stamens 5, 
distinct or united in one or three parcels, attached to the petals (fig. 
606 e) ; anthers bilocular, sinuous (figs. 332, 607 a); ovary (figs. 
396 o , 608 c o) adhering to the tube of the calyx, 1 -celled, formed by 
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3 carpels, and having 3 parietal placentas (fig. G09), which sometimes 
project so as to join in the centre, the ovules remaining attached to 
the curved free edges ; ovules solitary or indefinite (fig. €09), anatro- 
pal ; styles short ; stigmas very thick, velvety or fringed (fig. €08 $). 



Guy Gio <>ii 


Fruit a pepo (If 551). Seeds flat and ovate (fig. €10), enveloped 
in a juicy or dry and membranous covering ; testa coriaceous ; 
albumen 0 ; embryo straight (figs. €10 e , €11) ; cotyledons leafy and 
veined : radicle next the hilum. — Herbaceous plants, with succulent 
stems, climbing by means of lateral tendrils, which are transformed 
stipules; leaves alternate and palmate, covered with asperities; flowers 
generally unisexual. They arc natives of warm climates chiefly, and 
abound in India. There are nearly GO known genera, and about 300 
species. Examples — Cucurbita, Cucumis, Momordiea, Bryonia, Tel- 
fairia. 

872. A certain degree of acridity pervades the order, and many of 
the plants are drastic purgatives. In some cases, however, more 

Figs. 606-611. — Organs of fructification of Cuourbitaceio. 

Fig. 606.— Male flower of Cucumis sativus, Common Cucumber, laid open to show the interior 
of it. c, 5-dividod calyx, p, United petals, by some considered as being an internal coloured 
calyx, e, Epigynotis stamens. 

Fig. 607.— Stamen separated, /, Filament, a, Long sinuous anther. 

Fig. 608. — Female flower, c o, Calyx adherent to the ovary, p, United petals, a, Thick 
velvety stigmas. 

Fig. 609.— Horizontal section of the ovary, showing its division into three, by projections from 
the parietal placentas, to which the indefinite ovules are attached. 

Fig. 610. — Anatropal seed cut vertically, f, Spormodorm swollen at the cbalaza, c. e, Embryo. 

Fig. 611.— Embryo separated, r, Radicle, c, Cotyledons. 
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especially under cultivation, the fruits are eatable. Instances of edible 
fruits are seen in the case of the Melon, Cucumber, Gourd, Pumpkin, 
Squash, and Vegetable Marrow. The genus Gucumis contains the 
Melon and Cucumber, with edible fruits, mid the Colocynth with purga- 
tive fruit. Much discussion lias taken place in regard to the structure 
of the fruit in this genus, and in Cucurbitacea* in general. Home have 
considered it an anomaly hi vegetable structure, from the apparent 
formation of the placenta and ventral suture externally, as if the usual 
position of the carpels were reversed. It would appear, however, as 
shown by Lindloy, that the placentas follow the ordinary law. They 
are parietal, and curve in a peculiar way, bearing the seeds on their 
curvature ; at the same time prolongations are sent inwards, which 
often meet in the centre. Stocks and others consider the carpels as 
being involute*, and they trace this involution particularly in Luffa 
pentandra. Gucumis Coloq/nthis , or Gitndlus Colocyntlih , yields a 
globular fruit called Coloquintida, or Bitter Apple, the pulp of which 
constitutes the medicinal Colocynth. It is imported from the Levant 
and the coasts of the Mediterranean. It is used in the form of powder 
and extract as an irritant cathartic. The plant is supposed to be 
the npps, or Wild Gourd of Scripture. Momordicu Elatcrium or Ecba- 
lium ayresfe, the Wild or Squirting Cucumber, is so (tailed on account 
of the force with which its seeds are expelled when ripe. The fruit, 
by a process of endosmose going on in the cells, becomes distended, 
and ultimately gives way at the weakest part, where the peduncle is 
united to it. In separating from the stalk, the elasticity of the parietes 
comes into play, so its to discharge the brown seeds and slimy juice 
through the aperture at the base of the fruit. The feculence which 
subsides from the juice constitutes the medicinal Elaterium, which is 
used in small (loses of £ — i a grain, as a violent cathartic, especially 
in dropsical cases. The active principle is Elaterin. The roots of 
Bryonia alba and dioica are also powerful purgatives. The fruit of 
various species of Gourd, as Cucurbita Pcpo , the White Gourd, and 
C. maxima , the lied Gourd, C. ovifera , the Vegetable Marrow, arc used 
as potherbs ; while C. Citndlu.% the Water Melon, is prized for its 
cool refreshing juice. The fruit of Lagcnaria vulgaris , in consequence 
of having a hard outer covering, is used as a vessel for containing fluid, 
after the pulp and seeds are removed. It is hence called Bottle 
Gourd. The seeds of the plants in this order frequently supply a 
bland oil. The seeds of Telfairia pedata are as large as Chestnuts, 
and are used as food. 

873. Order 84. — Papayaeea*, the Papaw Family. {Monopet and 
Pob/pet . Epigyn . and Diclines.) Calyx minute, 5-toothed. Corolla 
monopetalous, inserted into the base of the calyx ; in the male, tubular 
and 5-lobed; in the female, divided nearly to the base into 5 segments. 
In the section Pangiese the sepals and petals are distinct. Stamens 
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10, inserted into the throat of the corolla; anthers bilocular, introrse, 
innate, dehiscing longitudinally. Ovary free, 1 -celled; ovules inde- 
linite, attached to 5 parietal placentas; stigma 5-lobed, lacerated. 
Fruit usually succulent and indehiscent, sometimes capsular and dehis- 
cent, 1 -celled. Seeds oo, enveloped in a loose mucous coat, parietal; 
spermoderm brittle, pitted ; embryo in the axis of fleshy albumen ; 
cotyledons flat ; radicle slender, turned towards the hilum. — Trees or 
shrubs, not branching, with alternate lobed loaves, supported on long 
slender petioles, and with unisexual flowers. They are found in South 
America, and in other warm countries. One of the most important 
plants of the order is Garica Papaya , the Papaw-tree, which yields an 
acrid milky juice, and an edible fruit. The tree is said to have the 
property of rendering meat tender. The juice of the unripe fruit and 
the seeds are said to act as anthelmintics. The order has been divided 
into three sections: — 1. Caricea?, corolla monopetalous, fruit succulent 
and indehiscent. 2. Modccceai, corolla monopetalous, fruit capsular 
and dehiscent. 3. Pangiea*, corolla polypetalous. There are 1 1 known 
gem ora, including 29 species. Examples — Cariea, Mod coca, Pangium. 

874. Order 85. — Ilehlsiacea*, the Belvisia Family. (. Monopct . 
Epigyn.) Calyx gamosepalous, persistent, limb divided into 5 thick 
ovate segments ; aestivation valvate. Petals inserted in the tube of the 
calyx, united more or less, and forming 3 verticils, the innermost of 
which may be considered as an altered stamina! row ; the outer petal- 
hie verticil consists of 5 plaited lobes, each of which are 7-toothed, 
and have 7 feathered ribs ; the second petaline verticil is cut into a 
number of narrow segments ; while the thud is an inconspicuous cup- 
like ring, with its edge minutely divided. Stamens oo, miited at their 
base so as to be monadelphous, or unequally polyadelphous ; filaments 
curved inwards; anthers dithecal, oblong. Ovary surrounded by a 
fleshy disk, and adherent to the tube of the calyx, 5 -celled ; ovules 2 
in each cell, attached to a central placenta, nucleus curved ; style 5- 
angled; stigma broad, flat, pentagonal. Fruit a large fleshy rounded 
berry, crowned 1 >y the lobes of the calyx. Seeds large, kidney-shaped : 
cotyledons plano-convex; radicle and plumule immersed in their sub- 
stance. — Shrubs, with alternate, simple, coriaceous, exstipulate leaves ; 
and axillary flowers often in sets of three. They are tropical, chiefly 
African. Some of them are used as astringents. Their place in the 
natural system is not well determined ; some placing the order next 
Passiiloraceie, others near Symplocacea*, and Lindley recognizing its 
affinity to Khizophoracero. There are 2 genera, and 4 species. Exam- 
ples — Belvisia (Nupoleona), Asteranthos. 

875. Order 8b. — Passlfloraceflp, the Passion-flower Family. ( Poly- 
pet. Perigyn.) Sepals 5, combined below into a more or less elongated 
tube. Petals 5, perigynous, often with filamentous or annular pro- 
cesses on their inside, which appear to be ail altered whorl or whorls 



418 


TURNERAGEjS. 


of petals, occasionally wanting, imbricated in aestivation. Stamens 5, 
monadelphous, surrounding the gynophore when present, rarely oc, 
usually with processes from the thalamus, interposed between them 
and the petals; anthers dithecal, extrorse, versatile, dehiscing longi- 
tudinally ; pollen grains sometimes bursting by opercula (fig. 354). 
Ovary 1 -celled, often with a gynophore (% 437); ovules anatropai, oo ; 
styles 3 ; stigmas dilated. Fruit often stipitate, 1 -celled, sometimes 
3-valved, opening by loeulieidal dehiscence, or succulent and indehis- 
cent. Seeds oo, attached to parietal placentas, aril late, or strophiolate ; 
spermoderin brittle and sculptured ; embryo straight in the midst of 
thin fleshy albumen; radicle pointing to tin 1 , liiluin. — Herbs or shrubs, 
often climbing, with alternate, stipulate or exstipulate leaves. The 
order has been divided into three suborders: — 1. ParopsieiC, plants 
not climbing, with a sessile ovary, arillate seeds, and exstipulate leaves. 
2. Passiflorea*, climbing plants witli a stalked ovary, arillate seeds, 
stipulate leaves, and glandular petioles. 3. Maleslierbica 1 , plants not 
climbing, with a stalked ovary, style below the apex of the ovary, 
strophiolate seeds, and exstipulate leaves. They are natives chiefly of 
warm climates, and art 4 found in America, the East and West Indies. 
There are 14 known genera, and 215 species. Examples — Paropsia, 
Smeathimmnia, Passillora, Tacsouia, Maiesherbia. 

870. Considerable discussion has taken place as to the true nature 
of the calyx and corolla in Passilloraeeax Liudley supports the view 
here given. Others consider the calyx as consisting often sepals in 
two rows, the inner more or less petaloid, and they look on the petals as 
either wanting, or existing in the form of filamentous or annul ar fc pro- 
cesses. The name Passion-flower was given on account of a fancied 
resemblance in the flowers to the appearances presented at Calvary. 
In the five anthers the superstitious monks saw a resemblance to the 
wounds of Christ; in the triple style, the three nails on the cross; in the 
central gynophore, the pillar of the cross; and in the filamentous pro- 
cesses, the rays of light round the Saviour, or the crown of thorns. 
Many of the plants, such as PamjUmi qmdnmgularis and edulis , 
Grenadillas, yield edible fruits, the pulp or suceident arillus being 
fragrant and cooling. Others are bitter and astringent, and some are 
said to be narcotic. 

877. Order 87. — Turneracear, the Turnera Family. ( Polypet 
Perigyn.) Calyx with 5 equal lobes ; activation imbricated. Petals 
5, perigynous, equal; aestivation twisted. Stamens 5, perigynous, 
alternating with the petals ; filaments distinct ; anthers dithecal, innate, 
oblong. Ovary free, 1 -celled, with 3 parietal placentas; ovules oc, 
anatropai ; styles more or less cohering, or forked ; stigmas multifid. 
Fruit a 1 -celled, 3-va.lved capsule, dehiscing only half way down, in a 
loeulieidal manner. Seeds crustaeeous, reticulated, arillate on one 
side ; embryo slightly curved, in the midst of fleshy albumen ; cotyle- 
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dons plano-convex; radicle pointing to the hilura. — Herbaceous or 
somewhat shrubby plants, occasionally with stellate pubescence, having 
alternate, exstipulate leaves, and frequently two glands at the apex of 
the petiole. They are natives of the West Indies and South America. 
They are not put to any important use. Lindley gives 2 genera, in- 
cluding 60 species. Examples — Turnera, Tiri queta. 

878. Order 88. — Portiilairacesp, the Purslane Family. ( Polypet . 
Perigyn.) Sepals 2, cohering at the base. Petals usually f>, rarely 
wanting, distinct or cohering at the base, sometimes hypogynous. 
Stamens usually perigynous, variable in number, all fertile, sometimes 
opposite the petals; filaments distinct; anthers versatile, bilocular, 
with longitudinal dehiscence. Ovary free or partially adherent, 1- 
celied, formed by 3 united carpels ; style single or 0 ; stigmas several. 
Fruit capsular, 1 -celled, opening by circumscissile dehiscence, or by 3 
valves, occasionally monospermous and indo hi, scent. Seeds numerous or 
definite, or solitary, attached to a central placenta; albumen farina- 
ceous; embryo peripherical ; radicle long. — Succulent shrubs or herbs, 
with alternate, seldom opposite, entire, exstipulate leaves, often having 
hairs in their axils. They arc found in various parts of the world, 
chiefly, however, in South America and at the Cape of Good Hope. 
They have a great affinity to Garyophyllacea*, from which they are 
chiefly distinguished by their bisepal n us calyx, perigynous stamens, 
and transversely dehiscent capsule. Lindley places this and the suc- 
ceeding order among hypogynous Exogens, next to Oaryophyllacea 1 . 
The plants belonging to the order have few properties of importance. 
They are insipid and destitute of odour. Porhdam nleracea , common 
Purslane, is used as a potherb. The tuberous roots of Claytonia 
tuberosa , a Siberian, plant, are eaten ; and those of JMe.lloca ( Ullucus) 
tuber osa, a native of Peru, have been recommended as a substitute for 
the potato. There arc 12 known genera, and 184 species. Exampbs 
— Portulaca, Talinum, Oalandrinia, Claytonia, Montia. 

879. Order 89. — ParonyetiSaccw, the Knotwort Family. ( Polypet 
Pcrigyn.) Sepals 4-f>, distinct or cohering. Petals perigynous, be- 
tween the divisions of the calyx, usually inconspicuous, sometimes 0. 
Stamen -3 usually perigynous, sometimes hypogynous, opposite to the 
sepals when equal to them in number, some of them occasionally 
wanting ; filaments distinct, rarely united ; anthers bilocular. Ovary 
superior, with one or more ovules ; styles 2-3, distinct or combined. 
Fruit unilocular, either a utricle covered by the calyx, or a 3-valved 
capsule. Seeds either numerous, attached to a free central placenta, 
or solitary and pendulous from a long funiculus arising from the base 
of the fruit. Embryo more or less curved, on one side of farinaceous 
albumen, or surrounding it. — Herbaceous or somewhat shrubby plants, 
with opposite or alternate, sometimes setaceous and clustered leaves, 
which are either exstipulate or have scarious stipules. Found in 
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barren places in various parts of Europe, Asia, and North America. 
They have no known properties of importance. The order has been 
divided into two sections: — 1. lllecebrea?, with the embryo lying on one- 
side of the albumen, and stipulate leaves. 2. Sderanthesc, with a 
peripherical embryo, and exstipulate leaves. There lire 28 known 
genera, and nearly 120 species. Examples — Paronychia, Illecebrum, 
Polycarpon, Corrigiola, Scleranthus. 

880. Order 90. — Crassulaceae, the Ilouseleek Family (figs. 535, 
53 G). (Poly pet. Periyyn .) Sepals 3-20, more or less united at the 
base (fig. 258 cc). Petals equal to the sepals in number, inserted in 
the bottom of the calyx (fig. 258 pp\ either distinct or cohering in a 
gamopetalous corolla. Stamens inserted with the petals, either equal 
to them in number, and alternate with them (fig. 258 e e), or twice as 
many, those opposite the petals being shortest ; sometimes one or two 
rows of abortive stamens ; filaments distinct, or united, subulate ; 
anthers bilocular, dehiscing longitudinally or transversely. Abortive 
stamens or settles (sometimes obsolete), at the base of each carpel (fig. 
258 a a). Carpels equal in number to the petals and opposite to them, 
1 -celled (fig. 258 o o), sometimes consolidated ; styles several or com- 
bined ; stigmas pointed or 4-eoruered ; ovules 00, or definite, anatro- 
pal. Fruit consisting of several follicles, dehiscing by the ventral 
suture, sometimes by the dorsal suture. Seeds variable in number ; 
embryo straight, in the midst of fleshy albumen ; radicle pointing to 
the hiiuni. — Herbaceous plants or shrubs, often succulent, with simple, 
entire, or pinnatifid, exs tipi date leaves. They are found in the driest 
situations, as on rocks, walls, and sandy plains, in various parts of the 
world. Some of* them are acrid, as Sedum acre , Biting Stonecrop ; 
others are refrigerant, from the presence of an acid, such ;is malic acid. 
Sempervivum tcctorum is commonly kn < >wu as the Ilouseleek. Bryophyllum 
culycinum is remarkable for the property of producing germinating 
buds at the edges of its leaves (If 199). There are two suborders: — 
1. Semperviveje, with carpcllary scales, numerous separate carpels in 
the pistil. 2. Galaciea* or Franco etc, without true scales, pistil con- 
solidated. There are 25 genera, and about 4G0 species. Examples 
— Crassula, Sempervivum, Cotyledon, Sedum, Penthorurn, Galax, 
Francoa. 

881. Order 91. — i'icoidea* or Meseinbryacea*, the Ficoid or Mcsem- 
bryanthemum Family. (Polypet Periyyn .) Sepals definite, usually 
5, but varying from 4-8, more or less combined at the base, adherent 
to the ovary or distinct from it, equal or unequal ; aestivation valvate 
or imbricate. Petals indefinite, coloured, sometimes 0. Stamens 
perigynous, distinct, definite or indefinite ; anthers oblong, incumbent. 
Ovary usually plurilocular ; stigmas several, distinct ; ovules 00, ana- 
tropal or ampliitropal, attached by cords to the placenta, which is 
either central or parietal. Fruit a many-celled capsule, opening in 
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a stellate or circumscissile manner at the apex, or an indehiseent nut. 
Seeds 00, rarely definite or even solitary ; embryo curved or spiral, 
on the outside of mealy albumen ; radicle next the hilum. — Herbaceous 
or shrubby succulent plants, -with opposite or alternate simple leaves. 
They are found in warm regions chiefly. The greater part of them 
grow at the Cape of G-ood Hope. The order lias been divided into three 
sections: — 1. Mesembryese, numerous conspicuous petals, plurilocular 
capsule, with stellate dcliiscencc. 2. Tctragoniea?, petals 0, fruit woody 
and indehiseent. 3. Sesuvea*, petals 0, capsule with circumscissile de- 
hiscence. There are 1G known genera, and 440 species. Examples — 
Mesembry anthem um, Tctragonia, Afro on, Scsuvium. 

Some of them are used as articles of diet, as the leaves of Me- 
mnbryantJtemvm edule , Hottentot’s Fig, and Tetmgonia expansa , New 
Zealand Spinach. Others yield soda, and have been employed in the 
manufacture of glass. Mesembry anthemum cn/stallmum , the Ice-plant, 
is remarkable for the watery vesicles which cover its surface, and which 
have the appearance of pieces of ice. The seed-vessels of some species 
of Mesembry anthemum, as 71/. Trijmlium , have the property of expand- 
ing in a star-like manner when put into water, and closing when dry. 
The flowers of many of the plants of the order exhibit the pheno- 
menon of opening only under the influence of sunshine, and closing 
in dull weather (T 483). 

882. Order 1)2. — Cactaeeap, the Cactus or Indian Fig Family. {Poly- 
pet. Eplgya.) Sepals numerous, usually oc, and confounded with the 
petals, adherent to the ovary. Petals numerous, usually indefinite, 
sometimes irregular, inserted at the orilice of the calyx. Stamens 
indefinite, cohering more or less with the petals and sepals ; filaments 
long, filiform ; anthers ovate, versatile. Ovary fleshy, inferior, unilo- 
cular; style filiform; stigmas numerous; ovules go, attached to parietal 
placentas equal in number to the stigmas. Fruit succulent, 1 -celled. 
Seeds <x, parietal, or, after losing their adhesion to the placenta, nest- 
ling in pulp, ovate or obovate ; albumen 0 ; embryo straight, curved 
or spiral ; cotyledons thick, leafy, sometimes nearly obsolete ; radicle 
thick, obtuse, next the hilum. — Succulent, shrubs, with peculiar angu- 
lar or flattened stems, having the woody matter often arranged in 
wedges- Leaves usually absent ; when present, fleshy, smooth, entire, 
or spinous. Flowers sessile, sometimes showy. They grow in hot, 
dry, and exposed places, and are natives chiefly of the tropical parts 
of America. Some grow rapidly on the lava in volcanic countries. 
There arc 1G known genera, and about 800 species. Examples — 
Opuntia, Melocactus, Mammillaria, Echinocactus, Cercus, Epiphyllum, 
Pereskia, Rhipsalis. 

883. The plants of this order are remarkable for their succulence, 
for the great development of their cellular tissue, and the anomalous 
forms of their stems, some of which attain a great size. In their struc- 
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ture numerous spiral cells are met with, and in many cases the fibre in 
these cells is interrupted so as to present thickened rings united by 
membrane. These rings, when the cells are macerated, can be ob- 
tained in a free state. Many of the plants in this order show a remark- 
able tendency to spiral development. The setae, spines, and hairs, are 
sometimes arranged spirally, and in C evens flagelliformis the cells of the 
setae have this tendency. Many of them yield an edible fruit, which 
is sometimes refreshing and agreeable, at other times insipid. The 
fruit of Percskia amleata , under the name of Barbadoes Gooseberry, is 
used in the West Indies as an article of diet. That of Opuntia vulgaris 
is known under the name of Prickly Pear. The juice of the fruit of 
some species is subacid, and has sometimes been used as a refrigerant. 
Cattle sometimes feed on the succulent stems in dry seasons. Some of 
the plants are noted as night-flowering (% 484). Germs cjrandij/orus 
expands its large white blossoms about 10 p.m. in our hothouses, and 
their beauty lasts only for the night. Such is also the case with 
Cere us nycticalus . A plant of the latter species, in the Glasgow Botanic 
Garden, began to open its flowers between 7 and 8 p.m., and they were 
fully opened at 10. The following were the numbers and sizes of the 
various parts : — 


Length of the tube of the calyx, 

Length of the petals, 

Length of the style, 

Iireadth of flower when fully expanded, 

Number of long sepals, 

Number of short sepals, 

Number of petals, 

Number of stamens, 

Number of stigmas, 


7 inches. 



11 — 


, 75 
20 
25 
.400 
. 15 


The size to which some of the Cactus family grow may be illustrated 
by a specimen of Eclwwmetus Viznaya, imported into Kew gardens 
from the mountains of San Luis, Potosi : — 


Weight of the plant, 713 lbs. 

Height from surface of the earth, 4,{ feet. 

Measured over the top from the ground on each side, 10 feet l) inches. 

Circumference at 1 foot from the ground, 8 feet 7 inches. 

Number of deep angles or costae, 44 

Number of spines, 8800 


In Brazil, some epiphytic Cactuses are met with ; and there are some 
species described by Gardner as attaining a height of thirty feet, with a 
circumference of three feet. Opuntia cochin el/ if era, and other species, 
are infested by the Coccus Cacti, or the cochineal insect, which feeds 
upon them. The plants are cultivated in what are called nopaleries, 
for the sake of the insect, the females of which, when dried, constitute 
the cochineal of commerce. 
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884. Order 03. — GrossnVarlacesp, the Gooseberry and Currant 
Family. {Polypet Epirjyn .) Calyx 4-5-cleft, regular, coloured. Petals 
minute, perigynous, equal in number to the segments of the calyx, 
and alternate with them. Stamens 4-5, alternate with the petals, and 
inserted into the throat of the calyx; filaments short; anthers dithecal. 
Ovary unilocular, adherent to the tube of the calyx; ovules go, anatro- 
pal, attached to two opposite parietal placentas ; style single, 2-4-cleft. 
Fruit a 1 -celled berry, crowned with the remains of the flower. Seeds 
oo, immersed in pulp, and attached to the placentas by long thread- 
like funiculi; spermoderm gelatinous externally; albumen horny; 
embryo straight, minute; radicle pointing to the hilurn. — Shrubs, 
with alternate lobed leaves, having a plicate vernation. They are 
natives of temperate regions, and are found in Europe, Asia, and 
America. Many yield edible fruits, which sometimes contain malic 
acid. The various kinds of Gooseberry (Pikes ( h'ossularia ), and Cur- 
rant ( Hikes rubrum and nigrum) belong to this order. It contains 2 or 
3 genera, and nearly 100 species. Example — -Kibes. 

885. Order 04. — Saxifragaceip, the Saxifrage Family. (Polypet 
Perigyn. ) Calyx superior, or more or less inferior (fig. 807 c c) ; sepals 
usually 5, more or less cohering at the base. Petals usually 5, peri- 
gynous, alternate with the lobes of the calyx (fig. 397 p p), rarely 0. 
Stamens perigynous (fig. 307 e\ 5-10 or gc, in 1 or more rows; an- 
thers bilocular, wilh longitudinal or porous dehiscence. Disk often 
present, either annular or scaly. Ovary more or less completely united 
to the tube, of the calyx, consisting usually of t wo carpels, cohering by 
their face (figs. 307, 398 <>), but distinct and diverging at the apex ; 
styles as many as the carpels, distinct (tig. 808 t) or combined ; stigmas 
capitate (fig. 308 s) or clavate. Placentas (fig. 308 p) marginal (basal 
or apicilar), rarely central. Fruit generally a 1 -2-celled capsule, the 
cells dehiscing at the ventral suture, and often divaricating when ripe. 
Seeds usually co, rarely definite ; spermoderm often reticulated ; em- 
bryo small, in the axis of fleshy albumen ; radicle pointing to the 
hilum. — Shrubs or trees, or herbs, with alternate or opposite, usually 
exstipulate leaves. They are generally natives of temperate climates, 
and $oine of them characterize alpine districts. The order has been 
divided into the following suborders : — 1, Eseallonierc, petals and 
stamens 5 ; ovary inferior ; style simple ; albumen oily ; evergreen 
shrubs, with alternate, simple, exstipulate leaves, found in the temperate 
regions of South America, often at a great elevation. 2. Cunoniese, 
petals 4-5 or 0; stamens 8-10 or go; ovary half inferior; styles 2, 
distinct or combined; trees or shrubs, with opposite leaves, having 
interpetiolary stipules; found in South America, the East Indies, 
south of Africa, and Australasia. 3. Hydrangeas, petals 4-6 ; stamens 
8-12 or oo ; anthers sometimes biporose; ovary more or less inferior; 
styles 2-5, usually distinct ; shrubs with opposite, sometimes wliorled, 



424 


BUtlXIACEiE — HAMAMEUDACEJE — UMBELLIFEILE. 


exstipulate leaves, and flowers, frequently cyniose, with the exterior 
flowers sterile and dilated; found chiefly in the temperate parts of Asia 
and America. 4. Saxifrages?, petals 5 or 0; stamens 5-10; ovary 
more or less adherent ; styles usually 2, and distinct ; herbs, with 
alternate, usually exstipulate leaves, found in the mountainous regions 
of Europe, &c. Few of the plants are put to any use. Some of them 
are astringent, and used for tanning ; others have bitter tonic proper- 
ties. In the entire order there are 57 known genera, and upwards 
of 900 species. Examples — Escallonia, Itea, Cunonia, Weimnannin, 
Hydrangea, Bauera, Saxifraga, Chrysosplenium, Heuchera. 

88(5. Order 95. — Brimlaoea*, the Bnmia Family. (Pol} /pet. Epigyn . ) 
Calyx 5-eleft ; aestivation imbricated. Petals inserted in the throat of 
the calyx, and alternate with its segments. Stamens alternate with the 
petals, arising from them, or from a disk surrounding the ovary ; an- 
thers introrse, 2-celled, with longitudinal dehiscence. Ovary usually 
adherent to the tube of the calyx, and 1-3 -celled ; ovules anatropal, 
suspended, 1 or 2 in each cell ; style simple or bifid ; stigmas 1-3. 
Fruit either bicoccous and 2-celled, or indehiscent and 1 -celled, 
crowned by the persistent calyx. Seeds solitary or in pairs, suspended, 
sometimes with a short arillus; embryo minute, at the base of fleshy 
albumen ; cotyledons short and fleshy ; radicle conical, next the hilum. 
— Branched heath-like shrubs, with small, imbricated, rigid, and entire 
leaves, and small, ofien capitate flowers. They are natives principally 
of the Cape of Good Hope, and have no important properties. There 
are 15 known genera according to Bindley, and G5 species. Examples 
— Brunia, Staavia, Opliiria. 

887. Order 90. — llamanieHiIncefe, the Witch-hazel Family. (Poly- 
pet Epigyn.) Calyx 4-5-1 obed or truncate. Petals 4-5 or 0, inserted 
on the calyx, alternating with the calycine segments. Stamens twice? 
as many as the petals, in two rows, one of which alternates with the 
petals and is fertile, the other is opposite to them and sterile ; anthers 
bilocular, introrse. Ovary adherent, 2-celled; ovules solitary, or 
several (in Bucklandia and Sedgwickia), pendulous or suspended; styles 
2. Fruit a 2-celled, 2-valved capsule, opening by loculicidal dehis- 
cence. Seeds pendulous; embryo straight, in the axis of fleshy albu- 
men; cotyledons leafy; radicle superior.— Shrubs or small trees, with 
alternate, petiolate, feather-veined, and stipulate leaves, and small 
axillary, bracteated, often unisexual flowers. They are found in various 
parts of Asia, Africa, and America. The seeds of Hamamelis virgmica 
are used as food, while its leaves and bark are astringent and acrid. 
Bindley notices 10 genera, including 15 species. Examples — Hama- 
melis, Fothergilla, Bucklandia. 

888. Order 97. — Umbelliferi*, the Umbelliferous Family (figs. 612- 
616), Apiacese of Bindley. (Polypet. Epigyn.) Calyx superior, 5- 
toothed or entire. Petals 5, inserted on the outside of a fleshy epi- 
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gynous disk, often with indexed points (figs. 282, G13). Stamens 5, 
alternate with the petals, incurved in aestivation (tig. G13, G14). 
Ovary inferior, 2-celled, crowned with a double disk or stylopod (fig. 
614 o ) ; ovules solitary, pendulous 5 styles 2, distinct (fig. 454 .<?$); 
stigmas simple. Fruit (figs. 615, GIG) a eremocarp 543), consist- 
ing of two ach&mia (mericarps or hemicarps), which adhere by their 





face (commissure) to a common axis (carpophore J, from which they 
separate, and are suspended when ripe (fig. 454 a ) ; each mericarp is 
traversed by five primary longitudinal ridges (jugac*), and often by four 
alternating secondary ones, the ridges being separated by channels 
(vallecula*). In the substance of the pericarp there are frequently vittae 
containing oil, which are usually opposite the channels. Seeds pendulous 
(fig. GIG g), usually adherent to the pericarp, rarely loose ; embryo 
minute, at the base of abundant horny albumen (fig. GIG e); radicle 
pointing to the hilum. — Herbaceous plants, often with hollow and fur- 
rowed stems, with alternate, rarely opposite, variously divided, sheath - 


Figs. (512-616. — Organs of fructification of Daucus Carota, common Carrot, to illustrate the 
natural order Umbolliferic. 

Fig. 612.— Diagram of the flower, with a 5-toothed calyx, 5 indexed petals, 5 stamens, and 
fruit formed by 2 carpels, with primary and secondary ridges, vallecula}, commissure, and flat 
albumen. 

Fig. 613. — The flower viewed from above, showing the petals with indexed points and 6 sta- 
mens. ffe, Kpigynous disk or stylopod. 

Fig. 614. — Vertical section of the flower, p, Fetals with inflexed points, c, Stamens, one 
incurved at the apex, o, Ovary formed by two car-pels, adherent to the calyx throughout, s, Styles 
and stigmas. //<?, Epigynous disk or stylopod. 

Fig. 616. — Horizontal section of the iruit (eremocarp) with bristly ridges. * 

Fig. 616.— Vertical section of the eremocarp. /, Pericarp, g, Seed, p, Flat perisperru. 
e, Embryo. 
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ing leaves (which sometimes assume the appearance of phyllodia), and 
with umbellate, involucrate flowers (fig. 241). They are found chiefly 
in the northern parts of the northern hemisphere. In warm countries 
they occur at high elevations. The order has been divided according 
to the number and size of the pericarpial ridges, the presence or ab- 
sence of vitUe, and the form of the albumen. The following are the 
several sections, winch, however, are not considered altogether satis- 
factory: — 1. Orthospermai (ogQbg, straight, and seed), albumen 

flat on the inner face, neither involute nor convolute. 2. Oampy- 
lospermre. (xa/uffuXogj inflected), albumen curved at the margins, so 
as to form a longitudinal furrow. 3. Coilospormte (xo??.os, concave), 
albumen curved at the ends (from base to apex). Lindley enumerates 
267 genera, including 1500 species. Examples — Ilydrocotyle, Eryn- 
gium, Apium, Bupleurum, ASthusa, Angelica, lleracleum. Daucus, 
Myrrh is, (Ionium, Coriandruin. 

880. The properties of the plants of this order are various. Some 
yield articles of diet, others guui-resinous and oily substances, while 
others are highly poisonous. According to their qualities, the species 
have been divided into — 1. Those which are harmless, and arc used as 
esculent vegetables. 2. Those producing a gum -resin, often having a 
fetid odour from the presence of a sulphur oil, and which are used as 
antispas medics and stimulants. 3. Those yielding a volatile oil, which 
renders them carminative and aromatic. 4. Those which are poison- 
ous, in consequence of the presence of an acrid and narcotic juice. 

890. Among esculent species may be noticed — Dan cm Carota (Car- 
rot), Pasltnam ; mtfoa (Parsnip), Apium graveolens (Celery), Fcmicuhnn 
vulgare (Fennel), Pctrosdinnm sativum (Parsley), Anthriscus Cerefolium 
(Chervil), Shim Sisarum(H\drro \ ), and A rcfi angelica officinalis (Angelica). 
Crithmum maritiinum is the Samphire, which grows abundantly on rocks 
near the sea, and is used as a pickle. The roots of Arracacha esculenta , 
a native of Grenada, have been recommended as a substitute for the 
potato. The tubers of Bunium Bulbocastarmm and fiexuosum are eaten 
under the name of Pig-nuts or Earth-nuts. Prangos pabular «/, a plant 
of Southern Tartary, is highly recommended as fodder for cattle. 

891. Many species yield milky juices, which concrete into a fetid 
gum-resin. Assafoetida is procured from the Ferula As&afmtida of Lin- 
nfflus, which has recently been described by Dr. Falconer under the 
name of Narthex A ssafixtida . The plant is found in Persia and Afghan- 
istan, and seeds of it have been sent to this country by Dr. Falconer, 
some of which have germinated in the Edinburgh Botanic Garden, 
and are now vigorous timing plants of five years’ growth. The fruit 
of the plant is distinguished by divided and interrupted vittae, which 
form a network on the surface, and its leaves have a resemblance to 
tho>e of a Pa?ony. It would appear that Ferula persica , a plant with 
very much divided leaves, yields an inferior sort of assafoetida. The 
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assafcetida is procured by taking successive slices off the top of the root, 
and collecting the milky juice which is allowed to concrete in masses. 
It consists of resinous and gummy matter, with a sulphur oil similar 
to that of Garlic, which is probably its active ingredient. It is employed 
medicinally, in substance or tincture, as a stimulant, antispasm odic, and 
anthelmintic. Ammoniac, another fetid gum-resin, is the produce of 
Dorema Ammoniac urn (probably Diserneston gummiferum of Jaubert and 
Spach), a native of Persia. It contains resin, gum, and volatile oil, 
and is used medicinally as a stimulant, anti spasm odic, and expecto- 
rant. Galbanurn, which seems to be the rmbn of Scripture, is pro- 
cured, in all probability, from Opoidia, galbanifera of Lindley. There 
are doubts, however, as to its botanical source. Don referred it to 
Gdlbanum officinale. It consists of rosin, gum, and volatile oil, and is 
used as an antispasmodic and emmenagogue. Opoponax is another 
gum-resin, procured from Opojxmax Chironnm ( Pastinaca Opoponax ), a 
native of the southern parts of Europe. Sagapcnum seems to be the 
produce of a species of Ferula. 

892. There are other species which supply a carminative and 
aromatic oil. From the fruits of Garum Garni \ which are commonly 
called Caraway seeds, a volatile oil of this nature is procured Oils of 
a similar kind are obtained from the fruit of J'impituila Anismn (Anise), 
from that of Fcmiculum vulgarc , or F, duke (common Fennel), Ane- 
thum grar colons (common Dill), Goriandrwrn sativum (Coriander) the 
of the Bible, Cuminum Gyminum (Cumin ), Archangelica officinalis ( Gar- 
den Angelica), and Daucus Garota (Carrot). 

893. In regard to the poisonous species of this order, there is still 
much to be learned. They appear to vary according to the soil 
and climate in which they grow. Some species, generally reputed 
poisonous, have been found by Dr. Christison to be quite innocuous 
when gathered from localities in the neighbourhood of Edinburgh. 
The most important plant of this section is Goniuni rnaculatum (Hem- 
lock), the % (jjvuov of the Greeks. It is a. biennial plant, found abundantly 
in Britain, and distinguished by its undulated ridges, smooth purple- 
spotted stem, and the peculiar mouse-like odour of its leaves when being 
dried. Every part of the plant, especially the fresh leaves and green 
fruit, contain a volatile oleaginous alkali, called Coma, which acts as 
an energetic poison. To this substance the effects of hemlock on 
the animal frame are due, and care is required in the preparation of 
the leaves and fruit in order to retain this active principle. A few 
drops of Conia will kill a small animal. 1 1 acts on the spinal cord, 
producing paralysis with slight convulsive twitches, and its iatal effects 
are attributed to asphyxia, produced by palsy of the muscles of respira- 
tion, without convulsions or coma. Hemlock has been employed 
medicinally to allay pain, more especially in cancerous and neuralgic 
affections. CEnanthc crocata ( Hemlock-Dropwort, or Dead-tongue), 
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and a variety called apiifolia , have been long looked upon as poisonous. 
The roots have been mistaken for parsnips, and fatal effects have been 
thus produced. It would appear, however, that these poisonous 
qualities are not invariably present, for Dr. Christison found that the 
roots of this plant, when growing in a sea-side locality, near Edin- 
burgh, were innocuous. It remains to be determined if the climate 
and locality have any effect in modifying the properties of the plant. 
The same remarks may be made in regard to (Enanthe Phellcmdriwn 
(Water Dropwort), and Cicnta virosa (Water Hemlock or Cowbane), 
which seem to vary as regards their poisonous properties. xEtJmsa 
C/piapiv/n ( F ool’s Parsley), is another plant of the order reputed poison- 
ous. It has been stated that the roots of Parsnip, during the spring of 
the second year, on the approach of the flowering season, occasionally 
produce a poisonous matter. 

894. Order 98. — Araliacew, the Ivy Family. (Pohjpet Epvjyni) 
Calyx entire or toothed (fig. 309 c). Petals definite (fig. 309 p\ 2, 5, 
10, deciduous, occasionally 0 ; aestivation valvate. Stamens as many 
as the petals, or twice as many, inserted below the margin of an 
epigynous disk (fig. 309 e e). Ovary adherent to the tube of the calyx, 
2 or more celled (fig. 309 o ) ; ovules solitary, pendulous (fig. 309), 
anatropai ; styles 2 or more, distinct or connate (fig. 309 $) ; stigmas 
simple. Fruit usually succulent, 2-15-celled, covered by the calycine 
limb. Seeds solitary, pendulous, adhering to the endocarp ; albumen 
fleshy ; embryo small ; radicle pointing to the hilum. — Trees, shrubs, 
or herbaceous plants, with alternate exstipulate leaves, and umbellate 
(fig. 210) or capitate flowers. They are found both in tropical and 
in cold regions. Lindley enumerates 21 genera, including 160 species. 
Examples — Aralia, Panax, Adoxa, Ilcdera. 

895. They have generally aromatic and stimulant properties. They 
are allied to Umbellifcric, but do not possess poisonous qualities In a 
marked degree, nor does their fruit usually yield volatile oil. A species 
of Panax yields the famous Ginseng root of the Chinese, which is 
used as a stimulant. Panax qmnqmfolmm possesses qualities resem- 
bling those of ginseng. Some species of Aralia yield an aromatic 
gum-resin. Aralia nudicauli% a native of North America, has fra- 
grant and aromatic roots, which are used as a substitute for sarsaparilla. 
A. spinosa, called toothache-tree in North America, is a stimulant 
diaphoretic. The succulent fruit of Iledera Helix . , the ivy, is emetic 
and purgative. 

896. Order 99. — fornacea*, the Cornel Family. ( Pohjpet . Epigyn . ) 
Calyx 4-lobed. Petals 4, oblong, broad at the base, regular, inserted 
into the tipper part of the calycine tube ; estivation valvate. Stamens 
4, inserted along with the petals, and alternate with them ; anthers 
dithecal. Ovary adherent to the tube of the calyx, 2-celled, crowned 
by a disk ; ovules solitary, pendulous, anatropai ; style filiform ; stigma 
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simple. Fruit fleshy, crowned by the limb of the calyx, 2 -celled, 
rarely 1 -celled by abortion ; endocarp bony (fig. 473). Seeds solitary, 
pendulous ; embryo straight, long, in the axis of fleshy albumen ; 
radicle superior, shorter than the oblong cotyledons. — Trees, shrubs, 
or herbs, with opposite, very rarely alternate, exstipulate leaves, and 
capitate, umbellate, or corymbose flowers. They inhabit the tem- 
perate climates of Europe, Asia, and America. The bark of Cornu s 
Jlovida and sencca is used in America as a tonic and febrifuge. The 
fruit of Comas mascala 1ms been used as food, and the seeds of Comas 
sanguined furnish oil. The fruit of Comas suecica , a species found on 
the Scotch mountains, is reputed tonic. Aucuba japonica lias leaves 
which exhibit a variegated aspect. Lindley gives 9 genera, and 40 
species. Examples — Corims, Aucuba. 


Subclass II I . — Co liOLUFLOlliE. 

89 7. Calyx and corolla present; petals united, bearing the stamens. 
This subclass includes the Monopetalous orders of Jussieu, and the 
Gamopetala* of Endlieher. J)e Candolle restricted this subclass to those* 
orders in which the corolla was hypogynous, placing tlic other orders 
with united petals in the subclass Calycifione. 

898. Order 100. — Loranthaccw*, the Mistlcto Family. {Monopet 
Epifjyn.) Calyx arising from a tube, or rim, which some regard as an 
expansion of the pedicel, often bracteated. Petals (or according to 
others, sepals) 4-8, distinct, or more or less united ; aestivation valvate. 
Stamens equal in number to the petals, and opposite to them; filaments 
more or less united to the petals; anthers 1- 2- or many-colled 
(f 405). Ovary unilocular, adherent to the ealycine tube or the 
expanded pedicel ; ovules with a naked nucleus, erect or suspended ; 
style filiform or 0 ; stigma simple. Fruit succulent, crowned by the 
calyx, 1 -celled. Seed solitary, pendulous ; embryo straight, in the 
axis of fleshy albumen; cotyledons either minute or numerous; radicle 
superior. — Shrubs, usually parasitical, with opposite or alternate, fleshy, 
exstipulate leaves. Many of the plants have, showy flowers, which 
hang from the trunks and branches of trees in the equinoctial parts of 
Asia and America. Some occur in temperate regions. Lindley gives 
23 genera, and 412 species. Examples — Loranthus, Vi scum, Myzo- 
dendron. 

899. Disputes have taken place as to the structure of the flowers in 
this order, some considering the petals as being in reality sepals, and 
regarding the ealycine ran as being an expansion of the pedicel only. 
The wood of some of the plants is arranged in separate wedges, and 
their vessels are either annular or scalariibrm. The fruit contains a 
viscid matter, like bird-lime, by means of which the seeds adhere to 
trees. The seeds in germinating send their radicles into the plant to 
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■which they are attached, and grow afterwards as true parasites, select- 
ing certain chemical ingredients in preference to others. The bark is 
usually astringent. Viscum album, Misti etc, was called by the Druids 
the Mistleto of the Oak, on which, however, it is rarely found parasitic. 
It grows well on the apple-tree. The formation of the ovule in the 
Mistleto, according to Sehleiden, is described at % 403. Loranthm 
tetrandrus is used in Chili to dye black. 

900. Order 1 01. — Capri foliaceir, the Honeysuckle Family. (^Mono- 
pet. Epigyn.) Calyx with its limb 4-5-lobed, usually braeteated. 
Corolla superior, lobed, usually regular and gamopetalous, sometimes 
irregular. Stamens epicorollme, equal in number to the lobes of the 
corolla, and alternate with them. Ovary adherent to the tube of the 
calyx, usually 3 -celled, rarely 4-5-celled ; ovules few in each cell, 
pendulous ; style one or none ; stigmas 3-5. Fruit fleshy or dry, 
crowned by the limb of the calyx, indeliiscent, uni- or plurilocular ; 
endooarp sometimes bony. Seeds solitary, or several in eacli cell, 
pendulous ; spermoderm often bouy ; embryo small in the centre of 
fleshy albumen ; radicle next the hilura. — Shrubs or herbs, with oppo- 
site exstipulatc leaves, and corymbose flowers. Chiefly found in the 
northern parts of Europe, Asia, and America. The order has been 
divided into two suborders: — 1. LonicemT, the true Honeysuckles, 
with a regular rotate or tubular corolla, three sessile stigmas, and a 
raphe on the inner side of the ovule. 2. Sambucere, the Elder 
Tribe, with a corolla more or less tubular, often irregular, a filiform 
style, and a raphe on the outside of the ovule. Lindlcy gives 14 
genera, and 220 species. Examples — Lonicera, Oaprifolium, Leyces- 
teria, Linn&a, Sambucus, Viburnum. 

901. Many of the plants, such as the Honeysuckle and Elder, have 
odoriferous (lowers. Some possess emetic and purgative properties. 
The fruit of Sambucus nigra , the Common Elder, is used in the manu- 
facture of a kind of wine. The flowers contain a small quantity of 
concrete volatile oil, and a minute portion of a volatile odoriferous oil. 
The inspissated juice of the fruit, and the inner bark, possess purga- 
tive qualities. Viburnum Opuln s, the Gueldres Hose, is often culti- 
vated in gardens. Viburnum Lantana has an acrid bark. Linncea 
borealis is a delicate northern plant, named after Linna?us. Symphori - 
carpus racemosa yields the Snow berry. 

902. Order 102. — Bubiacw, the Madder and Peruvian Bark 
Family. ( Monopet . Epigyn.) Calyx adherent with the ovary, the 
limb with a definite number (usually 4-5) of divisions, sometimes 
obsolete (fig. 619 c). Corolla gamopetalous, regular, tubular, or rotate 
(fig. 619 p), inserted into the calyx, usually with 4-5 divisions (fig. 
618) ; aestivation valvate or imbricate. Stamens more or less adherent 
to the corolline tube, as many as the lobes of the corolla, and alternate 
with them (fig. 617). Ovary inferior, usually bilocular (fig. 619 o ), 
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sometimes plurilocular, crowned with a fleshy disk; ovules numerous 
or solitary, anatropal or amphitropal ; style single, sometimes partly 
divided; stigmas usually 2, more or less distinct (fig. 619). Fruit 
inferior, 2- or many-cellcd, dry or succulent, either indehiscent or 



splitting into two mericarps (figs. 620, 621). Seeds 1 or many in 
each cell, in the former case erect or ascending (fig. 619), in the latter 
attached to a central placenta ; albumen copious, horny or fleshy 
(fig. 622 p) ; embryo small, straight, or slightly curved (jig. 022 <?) ; 
cotyledons leafy; radicle turned to the hilum. — Trees, shrubs, or herbs, 
with simple, entire, opposite, or vertieillato leaves, which have either 
interpetiolary stipules (fig. 190), or are exstipulate. The order has 
been divided into two suborders: — 1. Cinchonea?, with rounded stems, 
usually opposite leaves, and interpetiolary stipules (iig. 190), natives 
of the hotter parts of the world. 2. Galiea*, or Stella tic, with square 
stems, vcrticiilatc leaves, and no stipules; natives of northern and 
colder regions. Liinlley considers these divisions as separate natural 
orders. Some authors think that tin* vertieillato leaves of Stellatae 
consist partly of true leaves, and partly of stipules. The order in- 
cludes nearly 280 genera, and upwards of 2800 known species. Ex- 
amples — Cinchona, Gardenia, Iledyotis, Lscrtia, Hamel ia, Gucttarda, 
Paderia, Ooffea, Cephaelis, Psycliotria, Spermacoce, Anthospermum, 
Opercuiaria, Galium, Rubin. 


Figs. 617*4122.— Illustrations of the natural order Rubiacoic. 

Fig. 617. — Diagram of the flower of Galium Moliugo, belonging to the section Stcllabr. Calyx 
nearly obsolete, corolla rotate, 4-lobt'd, 4 stamens, and a didymous ovary. 

Fig. 618.— Flower entire. 

Fig. 619. — Flower cut vertically, c, Calyx adherent to the ovary, o, which is2-celled. p t Co- 
rolla. e e, Stamens surrounding the style and stigmas. 

Fig. 620. — Fruit of Rubia tinctoria, Madder. 

Fig. 621. — The same, showing the separation of the two carpels. 

Fig. 622, — The seed cut vertically, p, Ferisperm. Curved embryo. 
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903. The properties of the order, in general, are tonic, febrifuge, 
and astringent. Many important articles of materia medica are fur- 
jiished by the plants in the suborder Cinchoneae. Peruvian or Jesuits’ 
Bark, known under the name of Pale, Yellow, and Red Bark, is pro- 
cured from various species of Cinchona, which grow abundantly in the 
district of Upper Peru. The Cinchona trees seem to be confined 
exclusively to the Andes, within the boundaries of Peru, Columbia, 
and Bolivia, from 11° north Jat. to 20° south lat,, chiefly growing at 
elevations varying from 1,200 to 10,000 feet above the level of the sea, 
and in a dry rocky soil. There are at least twelve species which arc 
supposed to furnish the barks of Commerce. Great obscurity prevails 
as to the species whence the various kinds of Cinchona bark are de- 
rived. The names of Yellow, Red, and Pale Bark have been very 
vaguely applied, and are by no means well defined. The barks an* met 
with either in thick, large, flat pieces, or in thinner pieces, which curl 
inwards during drying, and are called quilled. Britain is said to im- 
port from 225,000 to 55)6,000 lbs. annually, and to retain 120,000 lbs. 
for home consumption. The chief officinal kinds of bark are : 1. ( Town- 
bark, China-Loxti, a pale bark in quills 6 to 1 5 inches long, the produce 
of Cinchona Gondaminea , which inhabits the mountains in the vicinity 
of Loxa, at an elevation of* from 5,700 to 7,500 feet. 2. Gray-bark, 
Silver-bark, or Iluanuco-bark, China-IIuanuco, another variety of 
quilled pale bark, obtained from Cinchona micrantha. , found in tin* 
vicinity of Iluanuco, in Peru. 3. Yellow-bark, China-regia, partly 
flat, partly quilled, procured from a species of Cinchona, which grows 
around Apolobmnba. 4. Red-bark, China-rubra, partly flat and partly 
quilled, procured from an unknown species of Cinchona.. Besides 
these, there are various inferior kinds of bark met with in commerce., 
such as Ash-bark, China- Jaen, from Cinchona ovata ; hard Carthagena 
bark, China-flava-dura, from Cinchona cordifolia ; Rusty -bark, China- 
Huamalies, from Cinchona pubcscens ; Orange-bark, from Cinchona 
lancifolia; and Red-bark of Santa-Fe, from Cinchona magnifolia . Tin- 
foil owing is the arrangement adopted by Pereira : — 

A. True Cinchonas with a Iirown Epidermis. 

J. Pale Barks. 

3. Crown or Loxa Bark, ....Cinchona Condaminea, //. and B. 

2. Gray, or Silver, or Iluanuco Bark, Cinchona micrantha, It. and 1\ (C. scrobicu- 

lata, H. and B.) 

2. Ash or Jacn Bark, Cinchona ovata, FI. Peruv, 

4. Busty or Huamalies Bark, C. pubcscens, Vnhl (C. purpurea, R. and P.) 

II. Yellow Barks. 

5. Royal, Yellow, or Calisaya Bark, Cinchona sp. ? 


III. Red Barks. 

6. Red Bark, 


Cinchona sp. ? 
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B. True Cinchonas with a White Epidermic. 

I. Pale Barks. 

7. White Loxa Bark, Cinchona sp. ? 

II. Yellow Barks. 

8. Hard Carthagena Bark,... 

9. Fibrous Carthagena Bark, 

10. Cuzco Bark, 

11. Orange Bark of Santa-Fo, 

III. Red Barks. 

12. Red Bark of Santa-Fe, C. oblongifolia, Mutts (C. magnifolia P. and P.) 

Cinchona-bark contains two alkaloids, Cinchonia and Quina, to which 
its active properties are due ; the former is best obtained from Gray- 
bark, the latter from Yellow-bark. In combination with these, there 
exists an acid called Cinchonic or Kinic acid. Cinchona-bark is used 
medicinally as a tonic and antiperiodic, in cases of dyspepsia, neuralgia, 
and intermittent fever. It has been administered in the form of in- 
fusion and tincture ; but, at present, the disulphate of Quina is the 
chief preparation used. The genus Exostemma yields various kinds of 
false Cinchona-bark, which do not contain the Cinchona alkalis. In 
this genus the stamens arc exserted, whereas in Cinchona they are 
included. The following are some of the false barks noticed by Pereira : — 

1. St. Lucie or Piton Bark, Exostemma floribundum. 

2. Jamaica Bark, E. caribseum. 

3. Pitaya Bark, Exostemma sp. ? 

4. False Peruvian Bark, E. peruvianum. 

5. Brazilian Bark, .E. souzianum. 

Pimhieya pubem yields the fever-bark of Carolina. 

904. Some of the plants of this order have emetic and purgative 
qualities. Cephdelis Ipecacuanha yields the Ipecaeuan of the Pharma- 
copoeia. The plant is found in the woods of several Brazilian provinces, 
as Pernambuco, Baliia, and Bio Janeiro. The roots, which are the offi- 
cinal part, are contorted, knotty, and annulated, and about the thickness 
of a goose-quill. They are used as emetic and diaphoretic remedies, in 
the form of powder or wine. Their active ingredient is an alkaloid 
called Emeta or Emetine. Besides this brown or gray annulated 
Ipecaeuan, there are spurious kinds, such as striated or black Peru- 
vian Ipecaeuan, the produce of Psychotria emetica , and white or amy- 
laceous Ipecaeuan, furnished by Ilichardsonia scabra ( brasiliemis ), a 
native of the provinces of Bio Janeiro and Minas Gerties. Some of 
the species of Psychotria , Cephdelis , and JRandia , are said to act so 
violently as to produce poisonous effects. 

905. Among the astringent plants of the order, may be noticed 
Uncaria Gambir , which supplies a kind of Catechu, known by the 
name of Gambeer. Of the plants furnishing articles of diet, the most 

2 E 


.Cinchona cordifolia, Muds. 

.Perhaps C. cordifolia. 

.Cinchona sp. ? 

,C. lancifolia, Mutis (C. angustifolia, P.) 
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important is Cqffea arabica , a native of Arabia and of the borders of 
Abyssinia, which furnishes the Coffee of commerce. The fruit is suc- 
culent, and the horny albumen of the seed is the part used as a bever- 
age. It contains a bitter principle, denominated Caffein, which is 
identical with that got from Tea. The import of Coflee into the 
United Kingdom, in 1847, was 19,783 tons, and in 18-18, it was 
24,553 tons. The seeds of some other plants of the order, as species 
of Galium , have been used as substitutes for Coffee. Among the 
plants yielding dye, the most interesting is lluhia tineforia , the root of 
which is the Madder of commerce, it contains three volatile colouring 
matters — madder purple, orange, and red. The* latter is in the form 
of crystals, having a fine orange-red colour, and called Alizarine. This 
is the substance which yields the turkey -red dye. Jim (na ftfunjista 
(cord i folia), M unjoe t, is also used for a similar purpose. Olden laudia 
vmbellata is employed in the East Indies as a substitute for Madder, 
and so is the root of JMorinda citrifoUa , under the name of Sooranjee. 
The latter yields a peculiar colouring matter, called by J)r. Anderson, 
Morimline. It is extracted from the bark of the root, and is procured 
in the form of minute acicular crystals of a fine yellow colour. It is 
incapable of producing colours with alum and iron mordants, but with 
turkey-red mordant it produces a dark rod. Many of the plants of 
this order, especially in the section Cinch oncoi, have very showy and 
fragrant flowers. The species of Mns^rmla and Calcajdafflmm , are re- 
markable on account of one of their sepals becoming large and showy. 
Aspcrula odorafa , Wood-rulh gives out its fragrance when dried. 

900. Order 103. — Valeriaiiacea*, the Valerian Family. (Monrpel. 
Jf pig if ft.) Calyx superior, its limb being either membranous or pap- 
pose. Corolla gam opel alous, inserted into the top of the ovary, tubu- 
lar, 3-4-5-lobcd, sometimes gibbous or spurred at the base. Stamens 
1-5, adherent to the corolla and alternate with its Jobes. Ovary 
inferior, 1-3-colled; ovule solitary, pendulous, style filiform; stigmas 
1-3. fruit dry, irnlehiscent, crowned with the limb ol the calyx, 
1 -celled, in consequence of 2 cells being abortive. Seed solitary, 
pendulous, exalbuminous; embryo straight; radicle superior. — Herbs, 
with opposite, cxstipulate leaves, and cymose inflorescence. They are 
found in temperate climates. Lindley gives 12 genera, and 185 species. 
Example * — Fatrinia, V aleriana, Cent rani hus. 

907. The plants belonging to the order are strong-scented or aro- 
matic, and some of them have been used as bitter tonics, anthelmintics, 
and antispasmodics. The root of Valeriana officinalis is the common 
medicinal Valerian. It has a bitter acrid taste, and a peculiar odour, 
which is fetid and disagreeable hi the dry state. In the form of 
tincture and infusion, it is prescribed in cases of hysteria. Other 
species of Valerian, as F. ccltica , Phu, dtehensis, and Salmnca , have 
similar properties. Valerian is known to have a peculiar effect on 



DIPS AC ACE J3 — CALYCEEACEiE — COMPOSITE. 


435 


cats, causing a species of intoxication. Nar dost achy s Jatamansi is 
the -pa, vdobog, or spikenard of the ancients, which was highly prized 
on account of its perfume. Valeriana olitona , Lamb’s lettuce, has 
been used as a. salad. Many of the plants in the order secrete a 
peculiar volatile oil, to which these properties are due. 

90S. Order 104. — the Teazel Family. (MovojU't, 

Ejnijyn.) Calyx superior, with an entire, or toothed, or pappose limb 
(fig, 27^)- Corolla gamopetalous, tubular, inserted on the calycine 
tube, with an oblique 4-5-lobed limb; activation imbricated. Sta- 
mens 4, attached to the tube of the corolla, and alternate with its 
lobes ; anthers dithecal, distinct. Ovary cohering with the tube of 
the calyx, either closely or only at the apex, unilocular; ovule soli- 
tary, pendulous, auntropal ; style filiform ; stigma simple. Fruit dry, 
indcliiscent, crowned by the limb of the calyx, covert'd by an epicalyx 
or involucellum, 1 -celled. Seed solitary, pendulous, albuminous; 
embryo straight; radicle superior. — Herbs or uudershrubs, with 
opposite or verticillate leaves, and capitate or verticillate flowers, 
surrounded by a. many-leaved involucre (figs. 232, 244). They are 
found in the; south of Europe, the Levant, and at the Cape of Good 
Hope. The properties of the order are unimportant. Hie name 
Dipsacus is derived from o'c^a, thirst, in consequence of the bases of 
the leaves of some of the species being connate, in such a way as to 
enclose a cavity which contains wafer ready to allay thirst. The heads 
of J)ipsaeas fnlUmnm, Fullers 1 Teazel, on account of their spiny bracts, 
an* list'd in dressing cloth. Lindlcy mentions 0 genera, including 
150 species. Examples — Morina, Scabiosa, Dipsacus. 

OOP. Order 105. — falyoTaww, the Calyeera Family. ( Mon op el. 
Ejmjyn, ) Calyx superior, with a limb of 5 unequal segments. Corolla 
regular, iufundibuliform, with a long slender tube, and a. 5-lobed 
limb, the lobes basing each three principal veins. Stamens 5, attached 
to the tube of the corolla, with as many alternating glands below 
them; filaments monadelphous ; anthers partially united. Ovary 
inferior, 1 -celled ; ovule solitary, pendulous; style single, smooth; 
stigma capitate. Fruit an aehivninni, crowned by the rigid spiny 
segments of the calyx, sometimes covered with papilla 1 , which emit 
spiral tubes when placed in water. Seed solitary, pendulous ; embryo 
in the axis of fleshy albumen; radicle superior. — Herbaceous plants, 
with alternate, exstipulate leaves, and sessile capitate flowers, sur- 
rounded by an involucre. They inhabit South America. Their pro- 
perties are unknown. There are 5 known genera according to Lindlcy, 
and 10 species. Example s — Calyeera, Boopis. 

910. Order 106, — <om posit a* (Asteraeea* of Lindley, and Synan- 
the ra? of other authors), the Composite Family. (Monopet, Epigyn.) 
(Figs. 623-034). Calyx superior, its limb either wanting or mem- 
branous, or divided into bristles, palea;, or hairs, and called pappus 
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(figs. 277, 279, 626 a). Corolla gamopetalous, ligiilate (figs. 301, 

024) or tubular (fig. 62(5 />), in the latter case usually 5-toothccl, 
sometimes bilabiate (fig. 625) ; two marginal veins, containing spiral 
cells, run along each of the corolline divisions, and afterwards proceed 
along the axis of these divisions ; {.estivation vjilvate. Stamens usually 
5, alternate Avith the teeth of the corolla (fig. 626 e) ; filaments dis- 
tinct ; anthers (figs. 301 <7, 624, 625, 626 e) cohering into a cylinder 
(synaritherous or syngenesious). Ovary inferior, closely adherent to 
the tube of the calyx (figs. 624, 625, 626 o, 634), and un distinguish- 
able from it, 1 -colled • oatiIo solitary, erect (figs. 423, 626, 634); 
style simple, sometimes with collecting hairs (fig. 627) ; stigmas two, 
distinct (figs. 404, 627-633) or united. Fruit, an acliamium (Gyp- 
sela, 542), crowned with the limb of the calyx (fig. 634). Seed 
solitary, erect, exalbuminous (fig. 634) ; radicle inferior. — Herbs or 
shrubs, with alternate or opposite, exstipulate leaves, and capitula of 
ilowers (called florets), Avhich are either hermaphrodite or unisexual, 
and are surrounded by bracts in the form of an involucre (figs. 242, 
243). Bractlets are sometimes interspersed Avith the floAvers on the 
receptacle, and are then (jailed palea\ Some of the flowers belong to 
the cyanic, others to the xantliic series (If 679). In the same head 
the flowers are sometimes homochromous (o/m;, similar, and 
colour), belonging to the same series; at. other times they are hetero- 
chromous (grsgos, diverse), belonging to different series, — the ligulate 
to the cyanic, and the tubular to the xanthic. 

911. This is one of the largest, and, at the same time, one of the 

Figs. 623-634, — Organs of fructification of Comi>OKita*. 

Fig. 023. — Diagram of the flower of a Soiled o. The filter dotted circle indicates thp pappose 
limb of the calyx, within it is the tulmlar corolla with five divisions, next five stamens with 
united anthers, and in the centre the 1 -celled, 1 -seeded ovary. 

Fig. 024. — One of the lignlate flowers or florets of Ciehorium Tntylms, Succory or Chicory, 
belonging to the section Cichoraceie. o, Ovary completely adherent to the. tube of the calyx, 
the limb of (be calyx forming a crown surrounding the base of the lignlate (strap-shaped ) co- 
rolla, which has five apicilar divisions, c, Cylinder formed by the anthers (synautlierous), 
traversed by the style with its bifid stigma, s. 

Fig. 025. — Flower of Chsetanthera linearis, belonging to the sec' ion Lahtatiflorm. <», Ovary 
Avitli adherent calycine tube, t, Tube of the gamopetalous bilabiate corolla. I s, Upper lip of 
the corolla, li, Lower lip of the corolla. e, Tube of the anthers, s, The bifid stigma at the 
apex of the style. 

Fig, 620. — Tubular (flosculons) flower of Aster rnbricaulis, belonging to the section Corym- 
biferte, cut longitudinally, to show the erect ovule, o, enclosed in the pericarp, consisting of the 
walls of the ovary, and the calycine tube incorporated, p, United petals. «, Pappus consisting 
of the altered limb of the calyx, e, Stamens with their united anthers, attached to the corolla. 

Style traversing the anthcrino tube. 

Figs, 627-633. — Summits of the styles of plants belonging to different tribes of Composite?. 
Two stigmatic bands are seen bordering the internal surface of the two brandies, which ter- 
minate each of these, styles. Several have collecting hairs at different parts. 

Fig. 627. — Summit of the style of Ciehorium Intybus, one of the Cichoraecu). 

Fig. 628. Cluotanthera linearis, one of the Laliiattflonu. 

Fig. 629. Thevenotia, one of the Cynarea\ 

Fig. 630. Senecio Doris, one of the Senecionidew. 

Fig. 631. Aster adulterinus, one of the Astoroidoie. 

Fig. 632. Stevia purpurea, one of the Eupatoriacea*. 

Fig. 633, Vernonia angustifolia, one of the Vernonlace®. 

Fig. 684.— Ripe fmit (Cypsela) of a Senecio, cut vertically, e, Exalbuminous embryo, with 
inferior radicle, t, Spevmouenn or covering of the erect seed, p, Pericarp consisting ot ovarian 
parieties with the dosely-adherent calycine tube, s, Style. 
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most natural families in the vegetable kingdom. The plants were all 
included by Lirmams in his class Syngenesia, and were divided into 
five orders* according to the sexes of the florets, and the nature of the 
involucre. Those divisions are given at page 344, under the names 
Polygamia -dEqualis, Superflua, Frustranea, Necessaria, and Segrcgata. 
The following series of terms have also been employed to express the 
nature of the eapitula, as regards stamens and pistils : — 

]. HomogamoiM (««*•* alike, and marriage \ flowers all hermaphrodite ( $ ). 

2. lleterogamons (in***, diverse), the flowers of the disk (centre) hermaphrodite, 
those of the ray (circumference) either pistillate (female) only, or neutral, Le. 
destitute* both of stamens and pistils. 

8. Monoecious, & — J , male and female flowers in the same eapitulum. 

4. Hoteroccphalous (in**?, diverse, and ?«*»;, a head \ some eapitula entirely male, 

others entirely female, in the same plant. 

5. Dioecious, : J , some plants with male eapitula only, others with female eapitula 

only. 

The following series of terms have been used to express the nature of 
the eapitula, as regards the form and arrangement of the flowers: — 

1 . Discoid or Flosenlous, corollas all tubular. 

2. Ligulate or Semiilo^culous, corollas all ligulate. 

8. Radiate, corollas of the margin or ray ligulate, those of the centre or disk tubular. 

4, Kahcly-discoid, corollas all bilabiate, 

f>. Falsely-radiate, or radiatifonn, corollas of the margin ligulate, those of the centre 
bilabiate. 

912. Jussieu divided the order into three sections : — 1. Cynaro- 
cephakv { ci/nara , the artichoke), having the flowers all flosculous 
(tubular) : involucre hard, conical, and often spiny. 2. Gorymbifera* 
( conjmbns , a corymb, and /ore, to bear), having flosculous (tubular) 
florets in the disk (centre), and ligulate (semiflosculous) in the ray 
(circumference); involucre hemispherical, leafy, or scaly, seldom spiny. 
3. Cichoracea* ( cichorium , succory), having the florets all ligulate. 
Another section was subsequently added, containing bilabiate flowers. 

913. Pe Candolle made the following divisions, which are now 

pretty generally adopted : — 1. Tubuliflora\ hermaphrodite flowers 
tubular, regularly 5- rarely 4-toothed. Under this section lie in- 
cluded several tribes, in which the distinctions are founded on the 
nature of the style and stigma in the hermaphrodite flowers. These 
characters are shown in figs. 629-033, which illustrate the tribes 
Yemoniaccsp (fig. 033), Eupatoriacete (fig. 632), Asteroidea? (fig. 031), 
Henecionidea} (fig. 030), and Cynareas (fig. 629). 2. Labiatiflorai, 

hermaphrodite flowers, or at least the unisexual ones, divided into two 
lips (fig. 625). The subdivisions of this section are also founded on 
the style and stigma (fig. 628). 3. Liguliflorae (cichoracea?), all the 

flowers hermaphrodite and ligulate (fig. 624). The form of the style 
and stigma is seen in fig. 027. 
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914, Henslow gives the following tabular view of these various 
divisions — the letter l meaning ligulate flowers ; f floscnlous ; H, 
hermaphrodite; F, female; N, neuter ; M, male ; the relative position 
of tlic letters indicating the nature of the florets in the circumference 
and in the centre of the same capitulum ; and in the last three divi- 
sions, the letters having reference to the nature of the separate 
capitula : — 

l)e Candolle. 

I* Tubuliflorio 1. 

Lignliilorm 3. 

Labiafciflone 2. 


Heads of Flowers. 

(IT. II. IT.) llomogamous ■ 

(N. H. K)} aetcrogamons, 

(F. M. F.) Monoecious 

[(II.)] T nvolucrate florets. 

(M.) — ( F. ) Dioecious 

[(M.) (F. )] Ilctcrocephalous.. . . 

915. The i »lants of this order are variously distributed overall 
quarters of the world. In northern regions they are generally herba- 
ceous, while in warm climates they sometimes become shrubby, or 
even arborescent. Cichoracea* abound in cold regions, while Corym- 
bifera? are common in hot climates. The number of known genera 
amounts at present to upwards of 1000, comprehending 9500 species. 
They are considered as forming of the known species, and this seems 
to have been the proportion at different, periods. Thus, Linnaeus 
enumerates 785 Composite out of 8500 species of plants then known 
till over the world: — 

Composite. Known Species in tho World. 

In 1809 2,800 27,000 

1838 8,523 85,000 

181G 9,500 95,000 

Examples — Vcrnonia, Eupatorium, Aster, Beilis, Antliemis, Scnecio, 
Centauroa, Oarduus, Triptilion, Trixis, Cichorium, Hieracium, Sonehus. 

910. The plants belonging to this vast order have all more or less 
bitterness, which is sometimes associated with astringent, acrid, and 
narcotic qualities. 

Suborder Cynarocephalcc. — The plants of this suborder are usually 
tonic and stimulant. The bitterness of the plants of this section 
is often much lessened by cultivation, so that they become esculent. 
The root of Arctium Lappa (majus and minus). Burdock, is bitterish, 
and has been used in the form of infusion as a substitute for sar 
sapaiilla. The root, leaves, and fruits (often called seeds), are diapho- 


Linmoan Orders. 
Polygamia nojiiaHs. 

< supertiua. 

4 frustranea. 

ncccssariu, 

segregata. 

* 

* 


Jussieu. 

(f. f, f) Cynarocephala;. 
( /. j\ /.) Coryiiibiferse ... 

lioruceie 

* * 
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retie, diuretic, and alterative. The leaves of Carduus Bemdictus, 
Blessed Thistle, were formerly used in medicine as a stomachic and 
diaphoretic. The blanched stems and leaf-stalks of Cynara Cardun - 
cuius , Cardoon, are eaten, and so are the young succulent receptacles 
of Cynara Scolymus , the Artichoke. The dried flowers of Carthamus 
tinctorius constitute Safflower, which yields a pink dye. The genus 
Cardum includes the various species of Thistle. What is denominated 
by gardeners the Scotch Thistle, is Onopordmn Acanthium , a plant 
doubtfully native of Scotland. 

917. Suborder Corymbiferce. — The plants of this section have the 
general bitterness of the order, and some of them have an aromatic 
odour, from the presence of volatile oil. The flowers of Anthemis 
nobilis , Chamomile, are odoriferous, and yield a volatile oil, which is 
at first greenish or bluish, but afterwards yellowish brown. They 
are used as materials for fomentation, and an infusion of them acts as 
a diaphoretic and emetic. An extract is made from them, having 
bitter tonic qualities. The essential oil is an excellent carminative. 
Anthcmis tinctoria supplies a yellow colour used for dyeing. Pyre - 
thrum Partheninrn , common Feverfew, is aromatic and stimulant. The 
root of Anucyclus Pyrelhrvm , Pellitory of Spain, or perhaps of A . 
officinarum , is an irritant and sialogogue; its properties depending 
on the presence of a volatile oil. Tussilago Far jura. Coltsfoot, has 
been used as a demulcent. The root of Inula Ilclenmm , Elecampane, 
has stimulant and expectorant qualities. It contains a white amyla- 
ceous matter called Inulin. The species of Artemisia are remarkable 
for their strong odour and bitter taste. The heads of flowers of Arte- 
misia Absinthium (Absinthium officinale, and vulyare), or W ormwood, 
and those of Artemisia Santmica , and of other species, under the name 
of Wormseed, are used as anthelmintics and tonics. Several of these 
species contain a crystalline bitter principle. Artemisia mutellma , 
and spicata , are used in the preparation of a tincture or distilled 
spirit, called in France, Euu or Creme d’Absinthe, which is in re- 
quest among those who are addicted to the pleasures of the table. 
The woolly leaves of Artemisia Mom are used in China to form the 
inflammable cones or cylinders called Moxas, which are employed 
as counter-irritants. Artemisia Dracunculus , Tarragon, is used in 
pickles and salads, and in the medication of vinegar. A. Abrotanum 
is commonly called Southernwood, and is used on the continent in 
the preparation of beer. The leaves of Tanacetum vulgare , Tansy, 
have stimulant antispasinodic properties. They contain a bitter resin, 
and an aromatic volatile oil. Arnica montana , Mountain Tobacco, 
or Leopard’s-bane, is an acrid stimulant. Its flowers, leaves, and root- 
stock, are administered in nervous diseases, as well as in gout and 
rheumatism. The seeds (properly fruits) of Helianthus annum , common 
Sunflower, contain a bland oil, and when roasted they have been used 
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as a substitute for Coffee. The name Uelianihus (vXiog, the sun, and 
uvQog, a flower) is derived from the popular supposition, that its large 
heads of flowers follow the sun in its course (% 48G). The roots of 
Helianthns tuberosus , Jerusalem, or more properly, Girasolc Artichoke, 
are used as substitutes for potatoes. Enpatorium Ayapana , and Mikama 
Guaco , have been used to cure the bites of snakes. Ceraclia furcata 
is a peculiar branching coral-like plant, which grows in dry sterile 
places in the south and west of Africa, and yields a resinoid substance, 
called by some African bdellium. Madia sativa has been cultivated on 
account of its bland oil. The species of Lijchvophom give a peculiar 
feature to the mountains of Minas Geriies in Brazil. They grow like 
Yellozias, and they are covered with a dense coat of long brownish- 
coloured wool, which is often used for beds and pillows. 

918. Suborder Cichoraceer . — Most of the plants of this section yield 
a milky juice, which is bitter, astringent, and sometimes narcotic. 
By cultivation, some of them are rendered esculent. Cichorium Inty- 
bm, Wild Succory, or Chicory, is cultivated for the sake of its root, 
which is used as a substitute for, and as an addition to Coffee. The 
blanched leaves of Cichorium Endivia constitute Endive. Taraxacum 
Bern Leonis (or officinale ), Dandelion, yields a milky juice, which, in 
the form of extract, lias been used medicinally as a diuretic and 
alterative. It contains a bitter crystalline principle called Taraxacine. 
Its root is mixed w r itli Coffee in the same way as Chicory. The in- 
spissated juice of Lactuca sativa , common Lettuce, and of L . virosa, 
wild or strong-scented Lettuce, receives the name of Lactucarium, or 
Lettuce-opium, and is used medicinally for allaying pain, and in- 
ducing sleep. It contains a neutral active principle called Lactucin. 
Other species of Lactuca yield an inspissated juice having similar 
qualities. Scorzonera is the esculent root of Scorzonera hispanica , 
while Salsafy is the root of Tragopogon porrif alius, which is called 
the Oyster-plant in America. Many of the plants of the Cichoraceous 
section, such as llieracium , Sonchus, and Tragopogon , act as horolo- 
gical and meteorological flowers (% 483, 484), their capitula open- 
ing and closing at certain periods of the day, and in different states 
of the weather. 

919. Order 107. — Bnuiontawro, the Brunonia Family. (Monopet 
Perigyn .) Calyx persistent, 5-partite, with bracts at the base. Corolla 
inserted at the base of the calyx, monopetalous, nearly regular, wither- 
ing ; limb 5 -parted, having central veins in its segments, which divide at 
the top into two recurrent marginal veins ; aestivation valvate. Stamens 
5, inserted with, but free from, the corolla, alternating with its seg- 
ments ; anthers articulated with the short filaments, dithecal, introrse, 
dehiscing longitudinally. Ovary free, unilocular ; ovule solitary, erect, 
anatropal ; style single ; stigma enclosed in a 2-valvcd cup or indusium. 
Fruit a utricle, enclosed in the hardened calycine tube. Seed solitary, 
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erect, exalbuminous ; embryo straight; cotyledons fleshy, plano-con- 
vex ; radicle minute, inferior. — Stemless herbaceous plants, with radi- 
cal, exstipulate leaves, and capitate flowers, supported on scapes, and 
surrounded by an involucre of enlarged bracts. Natives of New Hol- 
land. Their properties are unknown. The order contains as yet only 
1 genus, and A species. Example — Brunonia. 

920. Order 108. — fwoodeniaecir, the Goodenia Family. ( Monopet . 
Epigyn . and Pericpjn.) Calyx persistent, usually equal, with 8-5 divi- 
sions, sometimes obsolete. Corolla inserted into the calyx, monopeta- 
lous, more or less irregular, marceseent or deciduous ; its tube split at 
the back, and sometimes separable into five pieces, when the calyx 
only coheres with the base of the ovary ; its limb 5-parti tc, uni- or 
bilabiate, the thin part of the segments being at the edges, which are 
folded inwards in aestivation. Stamens 5, distinct, inserted with, but 
free from, the corolla, and alternate with its segments ; anthers not 
articulated with the filaments, distinct, or cohering, bilocular, with longi- 
tudinal dehiscence ; pollen grains either separate or united in fours. 
Ovary more or less united to the calycine tube, 1-2- or 4-celled, some- 
times with a gland at its base ; ovules definite or 00, attached to a 
central, often free, placenta; style 1, simple, rarely divided; stigma 
fleshy, undivided or 2-lobcd, surrounded by a cup-like indusiurn. Fruit, 
a 1-2- or 4 -celled capsule, or drupaceous or nut-like. Seeds definite 
or indefinite, wit h a thickened, often hard testa; embryo straight, in 
Deshy albumen ; cotyledons leafy ; radicle inferior. — Herbs, rarely 
shrubs, not. lactescent, with scattered, exstipulate, usually alternate 
leaves, and distinct, never capitate flowers. They are found chiefly in 
Australia, and in the South Sea. islands. Some are eaten as pot-herbs. 
The order is divided into two suborders: — 1 . Goodenie;x‘, with dehiscent 
capsular fruit, and numerous seeds. 2. Scncvoleas, with indehiscent, 
drupaceous, or nut-like fruit, and seeds solitary, or two in each cell. 
There are 14 known genera, according to Liudley, and about 150 
species. Examples — Goodenia, V elleia, Leschenaultia, Scacvola, Dam- 
piera. 

921. Order 109. — Stylidiacen*, the Stylidium or Stylewort Family. 
(Monopet Ephpjn .) Calyx adherent, persistent, with 2-6 divisions, 
bilabiate, or regular. Corolla gamope talons, falling oil* late, limb 
usually irregular, 5-6-parti te, segments with a central vein ; aestivation 
imbricated. Stamens 2 ; filaments united with the style into a longi- 
tudinal column; anthers didymous, rarely simple, lying over the 
stigma; pollen simple, globose, or angular. Ovary cohering with the 
calyx, bilocular, or by contraction of the dissepiment unilocular, often 
surmounted by one gland in front, or by two opposite ones ; ovules 
anatropal ; style 1 ; stigma entire or bifid. Fruit a bivalvular, bilo- 
cular, or spuriously unilocular capsule, with septicidal dehiscence. 
Seeds 00, small, erect ; embryo minute, enclosed in fleshy, somewhat 
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oily albumen. — Non -lactescent lierbs or undershrubs, with alternate, 
scattered, or somewhat verticillate, entire, exstipulate leaves. They 
are well distinguished by their gynandrous structure. The column 
formed by the union of the filaments and style, possesses, in the species 
of the genus iStylidmm , a peculiar irritability. It hangs down on one 
side of t lie flower, and when touched at the point of flexure, it springs 
over with considerable force from one side to the other. If not too 
far advanced to maturity, the column will recover its former position 
in the course of time. The flower may he cut off carefully without 
disturbing the column, and the irritability continues for a consider- 
able length of time if the flower is put into water. The movement 
is said to be connected with the bursting of the anthers, and the dis- 
charge of the pollen on the stigma. 'The cause of this movement is 
very obscure, but it seems to depend on some changes in the colls 
(If 41)7, 005). The plants are principally natives of marshy places in 
New Holland. Some arc found at the southern point of South America. 
There are 5 known genera, and 12 L species. Examjtles — Styiidiuin, 
Forstera. 

1)22. Order 110. — fmnpanulaccw, the Hare-bell Family. (Monopet 
Epvjjfu.) (Fig. 085). Calyx superior, usually 5-lobed (tigs. 086, 687 e), 
sometimes 3-8-Jobed, persistent. Corolla g, am ope talons, inserted into 
the top of the calyx, usually 5-Iobed (fig. 255), sometimes 8-8-lobed, 
regular, marccscent (fig. 401 e ) ; aestivation valvate (figs. 080, 087 //). 
Stamens inserted into the calyx, alternating with the corollinc lobes, and 
equal to them in number; anthers bilocular, free (fig. 087c); polka i 
spherical. Ovary more or less completely inferior, composed of two or 
more carpels ; ovules indefinite (fig. 088) ; style simple, covered with 
collecting hairs (fig. 087); stigma naked, simple, or with as many 
lobes as there are ovarian cells (figs. 298 s, 087 s). Fruit capsular, 
crowned with the withered calyx and corolla, dehiscing in a loculicidal 
manner by lateral apertures (figs. 401 089), or by valves at the 

apex. Seeds 00, attached to a central placenta; embryo straight, in 
the axis of fleshy albumen ; radicle pointing to the liilum (figs. 640- 
642). — Lactescent herbs or undershrubs, with alternate, rarely oppo- 
site, exstipulate leaves. The hams oil the style fire said to be retractile, 
and seem to be connected with the application of the pollen (IT 499). 
The flowers in most instances belong to the cyanic series. They are 
natives chiefly of northern and temperate regions. They abound in 
the alpine regions of* Europe and Asia, and are also frequent in North 
America. Alphonse De Candolle states, that the species whose capsule 
dehisces by lateral fissures are natives of the northern hemisphere, 
while those with apicilar dehiscence are principally found in the 
southern hemisphere. The milky juice found in the plants of this order 
has acrid properties. The roots and young shoots of Campanula Ra~ 
punculus , Lampion, are used as articles of diet. Lindley enumerates 
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28 genera, including 500 species. Examples — Campanula, Phyteuma, 
Jasione. 



923. Order 111. — Lobeliace*v>, the Lobelia Family. (Monopet. 
Epigj/ti. ) Calyx superior, 5-lobed or entire. Corolla ganiopetalous, 
inserted on the calyx, irregular, more or less deeply 5 -cleft. Stamens 
5, attached to the calyx, alternate with the segments of the corolla; 
anthers cohering; pollen oval. Ovary inferior, 1-3-celled; ovules 00, 
attached either to central or parietal placentas; style glabrous, with a 
fringe of hairs below the stigma. Fruit a 1- or more-celled capsule, 
with apicilar dehiscence. Seeds numerous ; embryo straight, in the 
axis of fleshy albumen; radicle pointing to the hilum. — Lactescent 
herbs or shrubs, with alternate, exstipulate leaves. They are found 

Figs, Organs of fructification of Campanula Rapunculus, Rampion, to illustrate the 

natural order Campanulaeca\ 

Fig. 635.— Diagram of the flower, showing five divisions of the calyx, five divisions of the 
corolla alternating with them, fire alternating stamens, and five cells of the ovary. 


central placenta. 

Fig. 638.— Horizontal section of the ovary. 

Fig. 639.— Fruit crowned by the limb of the calyx, dehiscing by openings at the base. 

Fig. 640.— Seed in an entire state. 

Fig. 641.— Seed ent vertically, p, Perisperm (albumen), e, Straight embryo in the axis of 
the albumen, with the radicle pointing to the hihim. 

Fig. 642.— Embryo detached, showing its form, the cotyledons and radicle. 
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both in temperate and warm countries. There are 27 known genera, 
and 375 species. Examples — Lobelia, Siphocampylus, Clintonia. 

924. Acridity prevails more or less in the order. The milky juice 
of some, such as Lobelia urem , is said to be vesicant. Lobelia injlata , 
Indian Tobacco, a native of North America, is used medicinally as a 
sedative, expectorant, and antispasmodic. It is chiefly administered in 
cases of asthma. The whole plant is active, but the root and capsules 
are said to be most powerful. In large closes, the plant acts as a nar- 
cotico-acrid poison. It owes its properties to a bitter principle called 
Lobelein. The root of Lobelia syphilitica is acrid and emetic. The 
milky juice of some of the plants of the order contains a considerable 
quantity of caoutchouc. 

925. Order 112. — Oesner«ceap, the Gesnera Family. (Monopet 
Perigyn .) Calyx partially adherent, 5 -partite ; estivation valvate. 
Corolla monopetalous, tubular, more or less irregular, 5-lobed ; aestiva- 
tion imbricated. Stamens 4, didynamous, with the rudiment of a 5th, 
rarely 2 ; anthers dithecal, with a thick swollen connective. Ovary 
partly free, unilocular, formed by two carpels with parietal placentas, 
which are 2-lobed ; ovules indefinite, anatropal ; style continuous with 
the ovary ; stigma capitate, concave, glandular or annular. Disk .sur- 
rounding the base of the ovary. Fruit capsular or succulent, 1 -celled, 
more or less adherent. Seeds 00, minute; testa thin, finely and 
obliquely veined ; embryo erect in the axis of lleshy albumen ; radicle 
pointing to the liilum. — Herbs or shrubs, often springing from scaly 
tubers, with opposite or whorled, rugose, exstipulate leaves, and showy 
flowers. They are found principally in the warmer regions of America, 
and are interesting chiefly on account of their beauty, for they do not 
appear to possess any important qualities. There are 22 known genera, 
and upwards of 120 species. Examples — Gesnera, Columnca, Gloxinia, 
Achimenes. 

926. Order 113. — Ericaeea*, the Heath Family. (Monopet Jlypog.) 
Calyx 4-5-cleft, nearly equal, persistent. Corolla inserted at the base 
of the calyx, or hypogynous, monopetalous (fig. 298), 4-5 -cleft, some- 
times tetra- or pentapetalous, regular or irregular, often marcesccnt ; 
activation imbricated. Stamens definite, equal in number to the seg- 
ments of the corolla, or twice as many, inserted with the corolla, and 
either free from it or attached to its base ; anthers 2 -celled, cells hard 
and dry, bifid, (fig. 336), usually having appendages at the base 
(fig. 338 a) or apex, dehiscing by apicilar pores (fig. 340) or clefts. 
Ovary free, surrounded at the base by a disk or scales, plurilocular ; 
ovules 00, attached to a central placenta ; style 1, straight ; stigma 1, 
undivided (fig. 408) or toothed. Fruit capsular or baccate, many- 
celled, with loculicidal or scpticidal dehiscence. Seeds 00, minute ; 
embryo cylindrical, in the axis of fleshy albumen ; radicle next the 
hilum. — Shrubs, undershrubs, or herbaceous plants, with evergreen, 
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often rigid, entire, verticillate, or opposite, exstipulate leaves. The 
order contains many beautiful and showy plants, which abound at the 
Cape of Good Hope, and which are found also in Europe, North and 
{South America, and Asia. The order has been divided into the fol- 
lowing suborders: — 1. Erime, with the testa closely adherent to the 
kernel, including the true Heaths with naked buds, and the Rhododen- 
dron tribe with scaly conical buds. 2. Monotropea*, seeds having a loose 
winged testa, including the true Monotropas or Fir-rapes, scaly plants, 
with longitudinally or transversely dehiscent, anthers, and Pyrolen, or 
the Wintergrecn tribe, leafy plants with porous anthers. There are 
5 2 known genera, and nearly 8S0 species. Example* — Erica, Galluna, 
Menziesia, Andromeda, Arbutus, Rhododendron, Azalea, Monotropa, 
PyroJa. 

927. The plants of the order are not distinguished for medicinal 
virtues. None of the species of Erica arc* put to any use. There are 
six species of the genus natives of Britain: two of which, E. dnerea and 
Tetralix , are common ; two are peculiar to Ireland, E . Mach liana 
and niedite era riea; one is restricted to England, E. (‘Maris ; and one is 
common to England and Ireland, E. capias. Cal hma vulgaris, is 
Ling, or the common Heather. It. has astringent qualities, and has 
been used for dyeing. Jt. is commonly made into brooms. The leaves 
of Arbutus, or Arctostajihglos Eva-Um\ llearbcrry, are used as astrin- 
gents, especially in chronic mucous discharges. .Many of the species 
of Jthododmdron, Azalea, Kalmia, Andromeda, and I A'dam , have poi- 
sonous narcotic qualities. These properties are well marked in Rho- 
dodendron Chri/santhmn , a Siberian species. It is said that Azalea 
pouiica, was the plant, the (lowers of which yielded the poisonous honey 
noticed by Xenophon in his account of 1 lie retreat of the 10,000. 
The, fruits of many plants belonging to the order arc eatable. Gaul- 
theria proemnbens and SJialhm are American shrubs, which furnish 
succulent and grateful berries. They yield a volatile oil. Arbutus 
TJnedo is called Strawberry-tree, from its fruit, resembling a straw- 
berry in aspect. It is, however, by no means agreeable as an article* 
of food, and the spec! lie name may possibly indicate, that to cat one is 
sufficient. The plant, grows at the Lakes of Killarney in a native 
state. Chinn i phi la ( Pgroln ) innbrilaUi , a North American plant, has 
been employed as a tonic and diuretic. The leaves have a bitter 
astringent taste, and the fresh plant is irritant. 

928. Order 114. — Vaccinlaew, the Cranberry Family. {Monopet. 
Epigijn.) Calyx superior, entire, 4-G-lobed. Corolla monopetalous, 4-G- 
lobed; aestivation imbricated. Stamens distinct, 8-12, inserted into an 
epigynous disk ; anthers bilocular, with two horn-like cells, dehiscing 
by pores (fig. 385). Ovary inferior, 4-5-celled; ovules 00; style sim- 
ple; stigma simple. Fruit succulent, crowned by the persistent limb of 
the calyx, Seeds 1 or many in each cell, minute ; embryo straight, in 
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the axis of flosliy albumen ; cotyledons very short ; radicle long, inferior. 
— Shrubby plants, with alternate, undivided, exstipulate leaves. They 
are closely allied to Ericaceae, and differ from that order chiefly in their 
adherent (inferior) ovary. They are natives of temperate regions, and 
some of them are marsh plants. Some are astringent, others yield sub- 
acid edible fruits. Cranberries are produced by V actinium ( hgcoccus 
( (In/ coccus palustris of some), and V. wacrocarpnm. V. Vitistidcm, 
Fed Whortleberry, or Cowberry, yields a fruit which is often used 
us a substitute for Cranberries. The leaves of the plant are sometimes 
used to adulterate l va-Trsi. V. -uliginumtm, found in alpine districts, 
produces the black Whortleberry. There arc 15 genera of the order, 
and 200 species. Examples — Vaccinium, Oxy coccus, Thibaudia. 

029. Order 115. — Kpacridacew, the Epacris Family. {Monopet. 
// Calj T x 5- rarely 4-])arled, often coloured, persistent. Co- 
rolla inserted at the base of the calyx, or hypogynous, deciduous or 
marceseent, monopetalous, sometimes sepjirable into 5 ])otals ; limb 
with 5, rarely 4, equal divisions, sometimes by the cohesion of the 
segments, bursting transversely; aestivation imbricated or valvate. 
Stamens inserted with or on the corolla, equal in immber to, and 
alternate with its segments, rarely fewer; anthers 1 -celled (fig. 827), 
without appendages, opening longitudinally ; pollen round, or formed 
of three united grains, attached to a single, central receptacle. Ovary 
sessile, free, plurilocular, rarely uniiocular, surrounded by scales at 
the base ; ovules solitary or 00 ; style 1 ; stigma simple, sometimes 
toothed. Fruit drupaceous, baccate, or capsular. Seeds albuminous; 
embryo slender, in the axis of ilesliy albumen, and about half its length. 
— Shrubs, or small trees, with alternate, rarely opposite, exstipulate 
leaves, which are somet imes half-amp lexical d at the base. They are 
allied to Ericaceie, and seem to occupy the place of heaths in Australia. 
They are distinguished from heaths by the structure of their authors. 
They are cultivated for the beauty ol* their flowers. In some cases 
they yield edible fruits. One of the plants, called Native Currant in 
Australia, is Let/copogon J licit ei. The order has been divided into two 
sections: — 1. Epaeroa*, polyspermous. 2. Stypheliere, monospermous. 
There are 80 known genera, and 820 species, according to Lindlcy. 
Examples — Epacris, Sprengelia, Styplielia, Leucopogon, Lissanthe. 

980. Order UO. — -C'oluincUim'ca*, the Cohnnellia Family. {Monopet. 
Epiggn.) Calyx superior, (piinquepartite. Corolla ]*otat(;, inserted 
into the calyx, 5-8-parted; activation imbricate. Stamens 2, in- 
serted in the throat of the corolla; anthers roundish, 3-lobcd, extrorse, 
each consisting of six linear sinuous cells, arranged in pairs, dehiscing 
longitudinally, and attached to a 8-lobed fleshy connective;. Disk 
fleshy, perigynous. Ovary adhering to the calycine tube, 2-celled ; 
ovules 00 ; style simple, smooth ; stigma capitate, 2-lobed. Fruit, a 
bilocular, bivalvular capsule, with both septieidal and loculicidal 
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dehiscence. Seeds 00; testa smooth and coriaceous; embryo straight, 
in the axis of fleshy albumen ; cotyledons oval, obtuse ; radicle long, 
pointing to the hilum. — Evergreen shrubs or trees, with opposite, 
entire, exstipulate leaves, and solitary yellow flowers. Natives of 
Mexico and Peru. Their properties unknown. There is 1 genus 
mentioned, including 3 species. Example — Columellia. 

931. Order 117. — Styracacew (Symplocineoe of Don), the Storax 
Family. {Monopet Perigyn.) Calyx persistent, with an entire or a 5- 
or 4-divided limb. Corolla gamopetalous, regular, inserted in the 
calyx; aestivation imbricated or valvate. Stamens definite or 00, 
attached to the eorolline tube, of unequal length ; filaments often 
slightly united at theft base in one or more parcels ; anthers innate, 
dithecal, introrse. Ovary either free or cohering more or less to the 
calyeinc tube, 2 -5 -celled, the septa occasionally deficient towards the 
centre ; ovules 2-4 in each cell or 00, pendulous, sometimes the upper 
ones ascending; style simple; stigma simple. Fruit enclosed in the 
calyx, drupaceous, usually unilocular by abortion. Seeds usually soli- 
tary, erect or suspended ; embryo slender, in the axis of fleshy albu- 
men ; cotyledons flat, foliaceous ; radicle long, pointing to the hilum. 
— Trees or shrubs, with alternate, exstipulate leaves, and frequently 
stellate hafts. They are chiefly natives of warm countries. There are 
two sections: — 1. Styracea?, with a more or less valvate aestivation of 
the corolla, and long anthers. 2. Symploceae, with a quincuncial 
eorolline aestivation, and roundish anthers. Lindley gives G genera, 
including 115 species. Examples — Styrax, Halesia, Symplocos. 

932. The plants of the order have in general stimulant, aromatic, 
and fragrant properties. Styrax officinale , a tree inhabiting Syria, 
Arabia, and the southern parts of Europe, is supposed to be the source 
of the balsamic resinous substance called Storax. The resinous juice 
is procured after iucisions or punctures by insects. Common Storax 
is imported into Britain from Trieste, in the form of little cakes, having 
a balsamic odour. Besides resin and a little volatile oil, it contains 
from 1 to 2 J per cent, of benzoic acid. It has been employed medi- 
cinally as a pectoral remedy. Styrax Benzoin is a tree 70 or 80 feet 
high, a native of Sumatra and Borneo, which yields by incisions the 
concrete balsamic exudation called Benzoin. When fine, this sub- 
stance contains about 80 per cent, of resin, and nearly 20 of benzoic 
acid. It is used medicinally as a stimulant expectorant, arid is one 
of the ingredients in the celebrated Friar’s balsam. It exists also 
in other empirical remedies, such as Riga balsam and Jesuits’ drops. 
Benzoin is generally used for fumigation and incense. Pastilles are 
made by mixing it with balsam of tolu, sandal-wood, labdanum, char- 
coal, nitre, gum, and tragacanth. Halesias are the Snow-drop trees of 
Carolina. Some of the species of Symplocos are used for dyeing; others 
are used as tea. 
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933. Order 1 1 8. — Ebenaeeas tlie Ebony Family. {Monopet Ilypog .) 
Flowers hermaphrodite or unisexual. Calyx 3-7-divided, nearly 
equal, persistent. Corolla gamopctalous, regular, deciduous, somewhat 
coriaceous; limb 3-7-divided ; aestivation imbricated. Stamens either 
attached to the corolla, or hypogynous, 2 or 4 times as many as the 
corolline segments, rarely equal to them in number, and then alternate 
with them; filaments usually in two rows, the inner row having smaller 
anthers ; anthers erect, lanceolate, bilocular, with longitudinal dehis- 
cence. Ovary free, sessile, plurilocular ; ovules 1-2 in each cell, pen- 
dulous ; style divided, rarely simple ; stigmas bifid or simple. Fruit 
fleshy, round or oval, the pericarp sometimes opening regularly. 
Seeds few ; testa membranous ; embryo straight, nearly in the axis of 
cartilaginous albumen ; cotyledons leafy ; radicle taper, next the 
hilmn. — Trees or shrubs, not lactescent, with alternate, exstipulate, 
coriaceous leaves. They are chiefly found in tropical regions, and 
many species arc met with in India. The plants are in general 
remarkable for the hardness and durability of their wood. Some yield 
edible fruit. Diospyros Ebenu s, and other African and Asiatic species, 
supply Ebony, which is the black duramen of tlie tree. Other species 
of Diospyros furnish Ironwood. Diospyros Virginia mi, the Persimmon, 
yields a fruit (sometimes called the Date-plum) which is austere when 
green, but becomes sweet and eatable when ripe, especially after 
being acted on by frost. D. KaJci is the Keg-fig of Japan, the fruit 
of which resembles a plum. Lindley notices 9 genera, including 100 
species. Examples — Diospyros, Koyena, JVlaba. 

934. Order 119. — Aqnlfoliacea* (Ilicmca) of some), the Holly Family. 
( Monopet . Hypoy.) Sepals 4-0 ; aestivation imbricated. Corolla mono- 
petalous, hypogynous, 4-0-parted ; aestivation imbricate. Stamens 
inserted into tlie corolla, alternate with its segments, and equal to 
them in number; filaments straight; anthers adnate, bilocular, in- 
trorse. Disk 0. Ovary free, fleshy, somewhat truncate, 2-6-celled ; 
ovules solitary, anatropal, pendulous from a cup-shaped funiculus; 
stigma nearly sessile, lobed. Fruit fleshy, indehiscent, with 2-0 moiio- 
spermous nucules, and hence it is sometimes called a nuculaniurn 
(T 553). Seed suspended; albumen large, fleshy ; embryo small, lying 
next the hilum ; cotyledons small ; radicle superior. — Evergreen trees 
or shrubs, with alternate or opposite, coriaceous, simple, exstipulate 
leaves. They are found in various parts of the world, as in Europe, 
North and South America., and Africa. Lindley enumerates 11 genera, 
including 110 species. Examples — Ilex, Prinos. 

935. Astringent and tonic properties seem to pervade the order. 
Ilex Aquifoliam , the common Holly, is a native of Europe, and is one of 
the indigenous plants of* Britain. It forms excellent fences and hedges. 
At Tynningham, in Scotland, there are 2952 yards of holly hedges, most 
of them upwards of 130 years old. These hedges vary in height from 
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10 to 23 feet, and they are 9 to 13 feet wide at the base. The leaves 
and bark of the Holly are said to possess tonic and febrifuge properties ; 
while its succulent fruit (berries) are emetic and purgative. Its wood is 
white and hard, and is much esteemed in turnery, joinery, and cabinet 
work, while its bark furnishes birdlime. Ilex Paratjaayensis furnishes 
Yerba Mate or Paraguay Tea, which is used extensively in some districts 
of South America. The leaves of the plant yield the bitter principle 
called Tlxeine, which has been mentioned as existing in tea and coffee. 
Other species of Ilex are employed in Brazil for a similar purpose. 
The black drink of the Creek Indians is prepared from the leaves of 
Ilex vomitorict . 

93d. Order 120. — Sapotaceas the Sappodilla Family. {Monopet 
Ilypog. ) Flowers hermaphrodite. Calyx regular, with 5, sometimes 
4-8 divisions, persistent; aestivation valvate or imbricate. Corolla 
inonopetalous, hypogynous, deciduous, regular, its lobes equal to, rarely 
twice or thrice as many as, those of the calyx. Stamens inserted on 
the corolla, definite, distinct; fertile ones as many as, rarely more 
than, the segments of the calyx, with wliieh they alternate; sterile 
ones alternating with the fertile ones, rarely wanting. Disk 0. Ovary 
free, phirilocular ; ovules solitary, anatropal, ascending or pendulous ; 
style 1 ; stigma simple, sometimes lobed. Fruit fleshy, plurilocular, 
or by abortion unilocular. Seeds nut-like, solitary ; testa bony and 
shining, with a long scar on its inner face ; embryo large, erect, white ; 
albumen usually iieshy, sometimes 0 ; cotyledons in the albuminous 
seeds, foliaceous, in the exalbuminous, fleshy; radicle strjiight or 
slightly curved, pointing to the liilum. — Lactescent trees or shrubs, 
with alternate, exstipulate, entire, coriaceous leaves. They are natives 
cliiefly of the tropical parts of India, Africa, and America. The num- 
ber of known genera noticed by Lindlcy is 21, species 212. 

937. Many of the plants of this order yield edible fruits, while 
others supply oily matter. Some act as tonics, astringents, and febri- 
fuges. Achms Sapota , and other species, furnish the Sappodilla Plum 
and Nascberry, well-known West Indian fruits ; while Achras mammosa 
yields the fruit called Marmalade. The bark of some of the species 
of Achms is tonic and astringent, and the seeds of several have laxa- 
tive properties. The fruit of Ckrysophylhm Cainito is the Star-apple. 
Another species of the genus supplies the Surinam Medlar of Euro- 
peans. Various species of Bassia yield oil. B. Pcirkii is said to be 
the source of the Shea butter, and hence the tree is called the 
Butter-tree of Park. B. hutyracm , the Madhuca-tree, gives a similar 
product, which is used as butter in Nipai. The milky j uice of some 
of the plants contains elastic matter. Isonandra Gutta is the source 
of Gutta Percha, a kind of caoutchouc, which softens at a moderate 
temperature, and is now extensively used for the soles of shoes, ropes, 
straps, casts, and various articles for domestic use. 



MYRSINACBAE — JASMINACEA5 OLEACE M. 


451 


938. Order 121. — Myrsinaceup, the Myrsinc Family. {Monopet 
Ilgpog.) Flowers hermaphrodite or occasionally unisexual. Calyx 

4- 5 -cleft, persistent. Corolla monopetalous, hypogynous, 4- 5 -cleft, 
equal. Stamens 4-5, inserted into the corolla, and opposite to its 
segments ; filaments distinct, rarely united, sometimes 0, occasionally 5 
sterile petaloid alternating ones; anthers sagittate, erect, bilocular, 
with longitudinal dehiscence. Ovary free or slightly adherent, unilo- 
cular ; ovules definite or indefinite, campylotropal, immersed in a free 
central placenta; style single; stigma simple or lobed. Fruit fleshy, 
1- or many-seeded. Seeds angular or roundish, with a concave hilum, 
and a membranous spermodorin; albumen horny; embryo usually 
curved, often heterotropal ; cotyledons short ; radicle horizontal when 
the seed is solitary, inferior when there are several seeds. — Trees, 
shrubs, or undershrubs, with alternate or opposite, coriaceous, exsti- 
pulate leaves. They are much restricted as regards their geographical 
limits, and they are said to abouud chieily in islands with an equable 
temperature. They are found in Africa, Asia, and America. Little 
is known regarding their properties. Thcophrasta J ussicci is a prickly- 
leaved shrub, which is called Coco in St. Domingo. Its seeds are 
eatable, and a kind of bread is made from them. The Anlisias are 
prized for the beauty of their foliage. There are 31 known genera, 
and 325 species. Examples — Myrsine, Ardisia, Ma?sa, Jaequinia. 

939. Order 122. — .Iasminacea\ the Jasmine or Jessamine Family. 
{Monopet. Ifgpog.) Flowers Calyx 5-8-divided or toothed, per- 
sistent. Corolla monopetalous, hypogynous, regular, salver-shaped, 

5- 8-divided ; aestivation twisted or valvate. Stamens 2, inserted on 
the corolla, included; anthers bilocular, with longitudinal dehiscence. 
Disk 0. Ovary free, 2-celled; ovules erect, anatropal, 1-4 in each 
cell ; style 1 ; stigma 2-lobed. Fruit a double berry, or a pyxidium, 
or a 2-valved capsule. Seeds usually solitary, rarely in pairs, albu- 
minous or exalbumirious ; embryo straight ; radicle inferior. — 'Shrubs, 
often with twining stems, and opposite or alternate, pinnate leaves. 
They abound chieily in the tropical parts of India. They have fre- 
quently fragrant flowers which yield oils, and their leaves and roots 
are sometimes bitter. The essential oil of Jasmine is procured from 
Jasmmum officinale, grandijlorum , odor atissu man , and Sambac . There 
are 5 known genera, and 100 species. Examples — Jasminum, Nyc- 
tanthes, Bolivaria. 

940. Order 123. — Oleaceee, the Olive Family. {Monopet. ITjjpog . ) 
(Fig. 254.) Flowers $ , sometimes $ ?. Calyx gamosepalous, divided, 
persistent. Corolla gamopetalous, hypogynous, 4-cleft, sometimes of 
4 petals which are connected in pairs by means of the filaments, some- 
times 0 ; activation somewhat valvate. Stamens 2 (rarely 4), alternate 
with the eorolline segments ; anthers dithecal, with longitudinal dehis- 
cence. Disk 0. Ovary free, 2-celled ; ovules in pairs, collateral or 
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pendulous ; style 1 or 0 ; stigma entire or bifid. Fruit drupaceous, 
baccate or capsular, sometimes samaroid (fig. 437). Seeds often by 
abortion solitary; albumen dense, fleshy, abundant; embryo straight, 
about hall* the length of the albumen; cotyledons leaiy; radicle 
superior. — Trees or shrubs, with opposite leaves (fig. 254), which fire 
either simple or compound. Found chiefly in temperate regions. 
They occur in North America, Asia, Europe, and New Holland. 
There are two sections of the order: — 1. Oleax, with a drupaceous or 
berried fruit. 2. Fraxinca*, with a samaroid (winged) fruit. Lindley 
mentions 24 genera, including 130 species. Examples — Olea, Ligus- 
trum, Fraxinus, Syringa. 

341. The plants of the order are bitter, tonic, and astringent, and 
some yield fixed oil. Olea eur opera is the Olive-tree, the n s T of the 
Bible, the sXa/a of the Greeks. It grows naturally on the coast of 
the Mediterranean, and is cultivated in many parts of the south of 
Europe. There are several varieties of the plant, two of which have 
been long distinguished — the wild and cultivated. The former is an 
evergreen shrub or low tree, with spiny branches and round twigs ; 
the latter is a taller tree, without spines, and with four-angled twigs. 
The fruit is a drupe, about the size and colour of a damson. Its fleshy 
pericarp yields by expression olive oil, of which the finest comes from 
Provence and Florence. It consists of two oleaginous principles — 
Margarin and Elain. Olive oil has nutrient, cmollieut, and laxative 
properties, it is used in forming ointments, liniments, and plasters. 
The bark of the Olive-tree has been used as a tonic ; and a resinous 
exudation from it, called Olivile, or Olive-gum, or Lecca-gum, is em- 
ployed in the same way. Spanish or Castile soap is made by mixing 
olive oil and soda, while soft soap is made by mixing the oil with 
potash. The flowers of* Oleafragrans, the Lan-hoa of the Chinese, are 
used to perfume teas. Several species of Owns, more particularly 
0. rotundifoiia and 0. europtea , yield a sweet exudation called Manna, 
a substance completely different from the Jd (manna) of the Bible, on 
which the Israelites fed. The Manna or Flowering Ash is a native 
of southern Europe, and grows abundantly in the south of Italy and 
Sicily, whence the Manna of commerce is imported. The tree attains 
a height of 20 or 30 feet, and it has a fine appearance when its clusters 
of white flowers are produced. There is a very fine Manna-ash in the 
Edinburgh Botanic Garden. Manna is the concrete juice of the tree, 
which flows out after incisions or insect -pimcturcs. It contains a 
peculiar sweet principle called Mannite. Manna is nutritive and laxa- 
tive, and is sometimes administered to infants and young children, on 
account of the mildness of its action. Syringa vulgaris , common Lilac, 
has a febrifuge bark. Fraxinus excelsior , the common Ash, is one of 
the trees which comes late into leaf, and the leaves of which fall off 
early in autumn. Some specimens attain the height of 70, 30, or 
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] 00 feet, with a circumference of 20 or 30 feet. The wood of the 
tree is tough and elastic, and is used for oars, as well as by coach- 
makers, &c. The wood of its roots is beautifully veined. The pendu- 
lous variety, called Weeping-ash, is often engrafted on the common 
Ash, so as to produce a better effect. The leaves of Ligmtnm vulgar ? , 
common Privet (fig. 254), are astringent. L . Incidum yields a kind of 
waxy excretion, which is used in China for economical purposes. 

942. Order 124. — Asclepiadarea*, the AscJepias Family. (Monopet. 
Jhfpofj. ) (Figs. 353, 048-651.) Calyx 5-divided, persistent (tig. 
040 c). Corolla sympetalous (monopctalous), hypogynous, regular, 
5-lobed (figs. 044, 045 pp), deciduous; aestivation imbricate, rarely 
valvatc. Stamens 5, inserted into the base of the corolla, and alternate 
with its segments (fig. 040 e ) ; filaments usually combined so as 
to form a tube ; stamina! tube rarely naked behind, generally fur- 
nished with a corona (crown) of variously -formed leaves, which are 
either distinct or connate. Anthers bilocular, each cell sometimes 
spuriously divided; pollen, when the anther dehisces, cohering in masses 
(pollinia), which are either as numerous as the cells, or are confluent, 
in pairs, and adhere to the five stigmatic processes, either in sets of 
two or four, or singly (figs. 349, 353, 047). Ovaries 2 (fig. 040 o ) ; 
ovules 00 ; styles 2, closely approaching each other (fig. 040 .<?), often 
very short; stigma common to both styles, dilated, quinquaugular ; 
the angles furnished with cartilaginous corpuscles which retain the 
pollinia, or with glands (figs. 015, 040 g). Fruit consisting of two 
follicles (sometimes only one by abortion), having a placenta on the 
ventral suture (fig. 049). Seeds 00, imbricate, pendulous, usually 
comose (hairy) at ihe hilum (tig. 050); albumen thin (fig. 051/?); 
embryo straight; cotyledons leafy; radicle superior (fig. 051 e ). — 
Shrubs, or oceasiomtlly herbs, usually with milky juice, and often 
twining. The leaves are usually opposite, sometimes alternate or 
verticillate, witli interpeti clary cilia in place of stipules. The gynoste- 
gium (yi jvy, pistil, and ffrsyoj, to cover), stamina! crown or peculiar- 
hooded (cucullate) appendages, prolonged from the tube of the fila- 
ments, which occur in many of the plants of this order, give a peculiar 
aspect to their llowers (see fig. 353). They inhabit chiefly warm and 
tropical regions, but many species extend to northern climates. Many 
succulent species are found in the south of Africa. Lindlcy enu- 
merates 141 genera, including 910 species. Example# — Periploea, 
Asclcpias, Calotropis, Cynanchum, (xonolobus, Stapelia, Hoy a, Dis- 
ehidia. 

943. The plants of the order have acrid, purgative, emetic, and 
diaphoretic properties. The milky juice is usually bitter and acrid, 
but occasionally it is bland, and is used as milk, as in the case of 
Gymnema lactiferum , the Cow-plant of Ceylon. Asclepias tuberosa , the 
Butterfly-weed, or Pleurisy-root, is used as a cathartic and diaphoretic 
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in North America. The emetic properties of Asclepias curctsmvica 
have secured for it the name of Wild Ipecacuan in the West Indies. 
The leaves of Solcnostcmma ( Cynanchma ) A rgel, are used to adulterate 
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Pigs. 643-651, — Organs of fructification of Asclepias nivea, to illustrate the natural order 
Asclepiadacete. 

Fig. 646. — Diagram of the flower, with five divisions of the calyx, five segments of the corolla, 
five stamens, and two ovaries. 

Fig. 644.— The entire flower, p, Corolla, with five lobes, a , Appendages forming the stand- 
nal crown (corona). 

Fig. 645.— The flower viewed from above, pp, Oamopetalous corolla with its five lobes. 
aa, Appendages forming the corona or crown. </(/, Glandular bodies attach(;d to the stigma, 
and hearing the pollen masses fpollinia). 

Fig. 646.— The flower cut vertically, c , Calyx, p, Corolla, a a., Coronal appendages, e, sta- 
mens. o, Ovary, s, Styles which are united at the upper part by means of the large stigma, 
at the base of which, towards the points p p, the pollen tubes enter. 

Fig. 647. — Two pollen masses, m, attached by two prolongations, q, in the form of a caudiclo 
or tail, to another body, g } formed by the union of two stiginatic glands, p, Pollen grains with 
tabes beginning to escape from the masses. 

Fig. 648. — One of the pollen grains, with its tube separated and highly magnified. 

Fig. 649.— Fruit at the period of dehiscence. //, Two follicles, p, Placenta, which is de- 
tached. {/, Coniose seeds. 

Fig. 650. — One of the comose seeds separated, a, The hairy appendage at the hilum. 

Fig. 651.— Seed separated from the hairs and cut vertically, te, External integument. ft, In- 
terna! integument, p, Pcrisperm or thin albumen, e, Embryo with leafy cotyledons and superior 
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Alexandrian Senna. The fragrant roots of Uemidesmus indicus are 
used in Madras as a substitute for Sarsaparilla, under the name of 
Country Sarza. The bark of the root of several species of Calotropis, 
such as C. procera , Hamiltonii , and gig anted, furnish the substance called 
Mudar, which is used as a diaphoretic in India. It contains a principle 
called Mudarine, which gelatinizes on being heated, and becomes fluid 
on cooling, Gynmickmn monspeliacum furnishes Montpellier Scammony, 
and Periploca mauritiana is the source of Bourbon Scammony. Both 
of these substances act as purgatives, and are used to adulterate true 
Scammony. Marsdenia tinctoria and Gymnema tingeus are said to 
yield a dye similar to indigo. The milky juice of many of the plants 
contains caoutchouc hi its composition. Hoy a carnosa receives the 
name of wax-flower from the peculiar aspect of its blossoms. Bis- 
chidia llafflesiana, an Indian climber, has remarkable ascidia 1G4). 
The Stapelias are singular plants, resembling some of the Cactuses and 
Euphorbias. Their blossoms are often very fetid, and hence they are 
called Carrion flowers. Some of the species of A sclepias receive the 
name of Wild Cotton, on account of the hairs attached to their seeds. 
Gomphocarpus frnticosus is the silk-plant of Madeira. 

044. Order 125. — Apocynaceff, the Dogbane Family. ( Monopet . 
Uypog.) Calyx usually 5 -partite, persistent. Corolla hypogy nous, 
gamopetalous, regular, usually 5-lobed, deciduous ; aestivation con- 
torted, twisting in some cases to the right, in others to the left. Sta- 
mens 5, inserted on the corolla, alternate with its segments ; filaments 
distinct; anthers 2-celled, dehiscing longitudinally; pollen granular, 
globose, or 3-lobed, immediately applied to the stigma. Ovaries 2, and 
each unilocular, or 1, and bilocular; ovules 00; styles 2 or 1 ; stigma 
1, with a contraction in the middle. Fruit follicular or capsular, or 
drupaceous or baccate, double or single. Seeds 00, rarely definite, 
usually pendulous ; albumen cartilaginous or fleshy, rarely 0 ; embryo 
foliaceous; radicle turned towards the hilum. — Trees or shrubs, usually 
lactescent, with entire, generally opposite, exstipulate leaves, with 
interpetiolary cilia or glands. They are chiefly found in tropical 
regions. Lindley enumerates 100 genera, including 560 species. 
Examples — Apocynum, Echites, Ncrium, Balfouria, Vinca, Tanghinia, 
Plumieria, Carissa. 

945. Many of the plants of this order are poisonous. Some are 
used medicinally, as cathartics, and there arc a few which yield edible 
fruits. The order is in general to be regarded with suspicion. One 
of the most deadly plants of the order is Tanghinia venenata ( Cerbera 
Tanghin ), the seeds of which supply the famous Tanghin poison, used 
formerly in Madagascar as an ordeal in cases of criminals. Nerium 
Oleander , the common Oleander, is poisonous. The stomata of its 
leaves are formed by means of cellular hair-like processes (fig. 76), 
and the anthers are terminated by feathery appendages (fig. 334). 
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The roots of Apocynum cannabimm and androsccmifolium are said to 
be emetic. The Vincas, Periwinkles, are astringent and acrid. Alla- 
manda cathartica , a native of Ceylon and Java, is emetic and cathartic. 
Although the milky juice is generally acrid, still in some instances it 
is bland. Thus, the juice of Taberturmonfana utilis , Hya-hya, the Cow- 
tree or Milk-tree of Pemerara, is used as milk. Many of the plants, 
such as Uremia elastica and Vahea gmnmifera , supply caoutchouc. 
Wnghtia tinctovia yields a dye like Indigo. A spidosperma excelsvm 
is a Guiana tree, remarkable for the sinuous arrangement of its wood, 
which gives the stem a deeply-iluted appearance. 

946. Order 126. — JLoj*aniacea», the Logania Family. (M onopet. 
Ilypofj.) Calyx 4-5 -partite (fig. 287 c) ; activation valvate or imbri- 
cate. Corolla hypogynous, regular or irregular, 4-5- or 10-divided 
(fig. 287 1 1 ) ; aestivation convolute or valvate. Stamens inserted on 
the corolla, 5 or 1, not always corresponding with the divisions of the 
corolla; pollen elliptical or triangular, simple, or marked with three 
bands. Ovary free, usually 2-celled ; ovules 00 or solitary, peltate 
and amphitropal, or ascending and anatropal. Fruit a 2-celled cap- 
sule, with placentas finally becoming loose; or a nuculanium with 
1 or 2-seeded nucules; or baccate, with seeds immersed in a pidp. 
Seeds usually peltate, sometimes winged ; albumen fleshy or cartila- 
ginous ; embryo small ; radicle turned towards the hilum, or parallel 
with it. — Shrubs, herbs, or trees, with opposite, entire leaves, and 
usually with stipules, which adhere to the footstalks, or form inter- 
petiolary sheaths. They inhabit chiefly tropical and warm climates. 
The order is divided into three suborders : — 1. Loganiea*, activation 
of corolla convolute, fruit a bilocular capsule or nuculanium, seeds 
peltate, sometimes winged. 2. Stryclinea?, activation of corolla val- 
vate, fruit a 2 -3 -eel led berry or capsule, seeds peltate, embryo rather 
large. 3. Spigelian, activation of corolla valvate, fruit a didymous 
capsule, seeds apterous, embryo small, cotyledons inconspicuous. 
There are about 24 known genera, and nearly 170 species. Examples 
— Logania, Potalia, Stryclmos, Spigelia. 

947. The plants of this order are highly poisonous. They act 
energetically on the spinal marrow, causing tetanic spasms, or they 
produce narcotic symptoms by acting on the brain. Many are very 
bitter, and a few are tonic. Strychnos JVux~ Vomica, the Poison-nut or 
Koochla, a tree which abounds on the Malabar and Coromandel coasts, 
.supplies the substance called Nux- Vomica. It yields fruit of the size 
and appearance of an orange, with a coriaceous reddish integument, 
enclosing a mucilaginous pulp. The seeds, which are imbedded in 
the pulp, are the officinal part of the plant. They are circular and 
flat, umbilicated on one surface, and are thickly covered with brown 
silky hairs. All parts of the plant, especially the seeds and bark, are 
intensely bitter. The seeds contain two alkaloids, Strychnia and 
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Brucia, to which they owe their poisonous properties. These alkaloids 
ooqut in combination with Igasuric or Strychnic acid. Nux- Vomica 
and Strychnia, in poisonous doses, cause death by producing tetanic 
spasms in the muscles of respiration. The bark of the Nux- Vomica 
tree is the false Angustura bark, and the wood is often called Snake- 
wood. Strychnia exists in other species of Strychnos , , as 8. Ignatia 
(Ignatia umara), St. Ignatius’s Bean, 8. cohibrina and 8. Hgvst/rina , 
Snake-wood, S. Tieutc ' the source of a Java poison called Upas 
Tieute. It is also said to exist in the Wo oral! or Quran poison of Guiana, 
which some consider to be the produce of 8. toxic, aria or guianenms. 
The effects of this last-mentioned poison, however, do not seem to 
agree with those of Strychnia. Strychnia stimulates the spinal cord 
without affecting the function of the brain. It causes convulsive 
twitches of the muscles of the arms and legs, and hence it has been 
recommended in cases of chronic palsy, unconnected with any signs 
of local irritation or determination of blood to the head. Its adminis- 
tration requires great caution, as % of a grain have been known to 
produce alarming lock-jaw, and j? of a grain has killed a dog. Some 
species of Strychnos seem not to possess a poisonous principle in large 
quantity, for they are used as tonics and febrifuges. Among them 
may be noticed Strychnos potatorum and psendoqnina. The former is 
called Clearing-nut, and is used in India for purifying water. 'The 
root of 8pigelia marilandica, Carolina Pink-root (fig. 287), is used as 
an anthelmintic, more particularly in the United States. 8. A nthdmia, 
Guiana Pink-root, is employed in Demerara for a similar purpose. 
These plants also possess narcotic qualities. 

948. Order 127. — CtantUuiarens the Gentian Family. (Monopet. 
JJypog.) (See fig. 248.) Calyx gamosepalous, usually 5-divided, 
sometimes 4-G-8- or 10-divided, persistent. Corolla gamopetalous, 
hypogynous, usimlly regular and marcesccnt ; limb sometimes fringed, 
divided into as many lobes as the calyx ; aestivation plaited or imbri- 
cate-twisted. Stamens inserted upon the corolla, alternate with its 
segments, and equal to them in number, some of them occasionally 
abortive. Ovary composed of 2 carpels, unilocular or partially bilo- 
cular (fig. 889) ; ovules 00, anatropal; style 1, continuous; stigmas 
1 or 2. Fruit capsular or baccate, 1 -celled (fig. 389), usually bi val- 
vular, with septicidal, or rarely loculicidal dehiscence. Seeds 00, small; 
embryo straight, minute, in the axis of soft fleshy albumen ; radicle 
next the hiluin. — Herbs, seldom shrubs, with opposite (fig. 248), rarely 
alternate, entire or divided, exstipulate leaves, which arc often 3-5- 
ribbed. The plants of the order are distributed generally over the 
globe, inhabiting both cold and warm regions. They are rare in the 
arctic and anatarctic islands. They exhibit great varieties of colours, 
and many are prized for their beauty. There are two suborders : — 
1. Gentianeee, testivation of corolla imbrieate-twisted, leaves opposite, 
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simple, anrl entire. 2. Meny an there, estivation of corolla plaited or 
induplicate, leaves usually alternate and compound, or divided. Lind- 
ley mentions 60 genera, including 450 species. Examples — Gentiana, 
Chironia, Agathotes, Erythraxi, Chlora, Menyanthes, Yillarsia. 

949. The general property of the plants of this order is bitterness, 
which pervades all their organs. Hence they are used as tonics. The 
medicinal gentian is the root of Gentiana lutea , a plant which grows 
abundantly on the Pyrenees, and on the Alps of Switzerland and 
Austria, usually at an elevation of 8000 to 5000 feet. It produces 
showy yellow iiowers, and its root is yellow internally. It is adminis- 
tered in the form of extract, infusion, tincture, and wine, as a tonic. 
Its roots are often mixed with the roots of other species, such as Gen- 
tiana punctata, purpurea, and pannonica. Gentiana Kurvoo of the 
Himalayas has similar properties. The British species, Gentiana cam- 
pest ris and Amarella, have also been used as bitter tonics. The officinal 
Chiretta is the herb and root of Agathotes CInraijta ( Ophelia Chirata ), 
a herbaceous plant found in the Himalayas. The whole plant is bitter, 
and has been long used in Bengal as a tonic and stomachic. The 
flowering cymes of Erythnva Centaurium , common Centaury (fig. 248), 
are used as a substitute for gentian, and so are the leaves of Memjan- 
thes trifoliata , Buck-bean, Marsh-trefoil, or Bog-bean. The roots of 
Fraser a, Walteri sometimes receive the name of American Calumba. 

950. Order 128. — Bistnoniacesp, the Trumpet-flower E amily. (Mono- 
pet. JJt/pog.) Calyx divided or entire, sometimes spathaceous. Co- 
rolla monopetalous, hypogynous, usually irregular, 4-5-lobcd. Stamens 
5 and unequal, or 4 and didynamous, some of them occasionally 
sterile; anthers bilocular. Disk annular or glandular. Ovary superior, 

1- 2-celled, each cell being often spuriously divided; ovules indefinite; 
style 1 ; stigma bilamellar (fig. 406), or 2-4-cleft or entire. Fruit a 

2- celled (sometimes spuriously 4-celled) and 2-valved capsule, occa- 
sionally succulent. Placentas parietal, sometimes extending to the 
centre, and forming a spurious dissepiment, which finally separates 
bearing the seeds. Seeds winged or wingless, often flat and com- 
pressed, exalbuminous ; embryo straight ; radicle next the liilum. — 
Trees, shrubs, or herbs, with opposite, rarely alternate, exstipulate 
leaves. They abound generally in tropical regions, but some of them 
are widely distributed. The order has been divided into four sub- 
orders : — 1. Bignoniea?, capsule 2-valved, 2-celled, sometimes spuri- 
ously 4-celled, with a dissepiment parallel or contrary to the valves, 
at length free, bearing the seeds, which are transverse, compressed* 
and winged. 2. Cyrtandrca* (Didymoearpea), fruit succulent or capsu- 
lar, or siliquose and 2-valved, seeds small, ovate, or cylindrical, sus- 
pended, apterous, sometimes comose. 8. Crescentieae, fruit woody, and 
melon-shaped, enclosing large seeds which are immersed in the pulp of 
the placentas. 4. Pedaliere, fruit drupaceous, rarely capsular and 
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2 - valve cl, spuriously many-celled; seeds few, large and apterous, pendu- 
lous, erect or transverse. These are reckoned separate orders by many. 
There are upwards of 100 known genera, and about 050 species. 
Examples — Bignonia, Spathodea, Eccremocarpus, Cyrtandra, Didy- 
mocarpus, Cj escentia, Pedalium, Sesamum. 

951. There are many showy plants in this order. Their flowers 
are frequently large and trumpet-shaped. None of them are noted 
for marked medicinal properties. Some are timber trees, others fur- 
nish dyes and articles of diet, while a few have bitter and astringent 
qualities. The species of Bignonia are conspicuous objects in tropical 
forests. Their wood sometimes exhibits a crucial arrangement (fig. 
107). From Bignonia Clara, the Indians extract a red ochreous colour- 
ing matter, with which they paint their bodies. Crescentia Cujete , 
the Calabash -tree, is found in the tropical regions of America, and pro- 
duces a large melon-like fruit, containing a slightly acid pulp which is 
sometimes eaten. Its pericarp is hard, and after removal of the pulp 
it is used as cups and bottles. Teel seeds, the produce of Sesamvm 
orientate, supply a bland oil, called by the Arabs Sir itch. It is used 
under the name of gingilee oil to adulterate oil of almonds. The fruit 
of the species of Vncaria and Marty nia, the Unicorn -plant, is furnished 
with hooked processes. In the perfect fruit of Bretrca {Martynia) 
Zangnebarica, there are G cells formed by the mode in which the 
placentas unite, and of these cells two arc seedless. 

952. Order 129. Polemoniaotw, the Phlox Family. {Monopet. 
Ilypog.) Calyx inferior, 5-divided, persistent, sometimes irregular. 
Corolla regular, rarely irregular, 5-lobed. Stamens 5, inserted on 
the middle of the tube of the corolla, and alternate with its segments ; 
pollen often blue. Disk lobed. Ovaiy free, 3 - celled ; ovules ana- 
tropal or am phi tr opal; style simple; stigma trifid. Fruit a 3-celled, 

3- valved capsule, with septifragal dehiscence. Seeds angular or oval, 
or winged, often enveloped in mucus, containing spiral threads, as- 
cending, in a single or a double row ; embryo straight, in the axis of 
a fleshy or horny albumen; cotyledons foliaceous, elliptical or cordate; 
radicle inferior, next the hiluin. — Herbaceous or climbing plants, with 
opposite or alternate, simple or compound leaves. They inhabit tem- 
perate countries chiefly, and they abound in the north-western part 
of America. There are 17 genera enumerated by Lindley, including 
104 species. Examples — Polemonium, Phlox, Colwa (fig. 318). 

953. Many of the plants of this order have showy flowers, and are 
commonly cultivated in flower-borders. Connected with the episperm 
of various species of Collomia are numerous spiral cells, and when the 
seeds are moistened with water, the mucus surrounding the cells is dis- 
solved, so that the spiral fibres are uncoiled. The movements of these 
fibres, when uncoiling, are beautifully seen under the microscope. 
The fibres carry with them a mucous envelope which has the appear- 
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ance of a membrane. Polemonium ccernleum , Greek Valerian, or Jacob’s 
ladder, is bitter. 

954. Order 130. — Ilydrophyllaeetp, the nydrophyllum Family. 
{Monopet. Hypog .) Calyx 5 -par ted, persistent. Corolla monopetalous, 
hypogynous, regular, 5 -cleft; aestivation plicate or imbricate. Stamens 
5, inserted upon the corolla, and alternate with its segments ; filaments 
sometimes petaloid; anthers deeply-lobed at the base, often versatile, 

2- celled, dehiscing longitudinally or transversely. Disk annular or 0. 
Ovary tree, 1-2-3-celled; ovules definite or indefinite ; style 1 or 2 ; 
stigmas usually 2. Fruit capsular, 2-valved, 1 -2-celled, with a parie- 
tal, or a large central placenta. Seeds with a brittle or reticulated 
testa; embryo in the midst of fleshy or cartilaginous albumen; radicle 
next the liilum. — 'Frees, shrubs, or herbs, with opposite, or alternate, 
exstipulate, often lobed leaves. They occur both in the northern and 
southern parts of America chiefly. They have no properties of im- 
portance. Many have showy flowers, and some have glandidar or 
stinging hairs. The order has been divided into two suborders : — 

1. Ilydrophyllea;, including llydrolejn of authors, with the anthers 
dehiscing longitudinally, disk present, ovary 1 -2-celled, styles 2. 

2. Diapensiea?, with anthers dehiscing transversely, disk 0, ovary 

3- celled, style single. There arc 18 known genera, and 77 species. 
Examples — Hydrophyllum, Ilydrolca, Nemopliila, Phacelia, Piapensia. 

955. Order 131. — CoiivolviilAoew, the Convolvulus or Bindweed 
Family. (Monopet. JLfpog.) Calyx 5 -divided, persistent, imbricated, 
often bracteated (figs. 052-654). Corolla monopetalous, hypogynous, 
deciduous, regular ; limb 5-Iobed, with a plaited or imbricated activa- 
tion (fig. 053 />) ; tube sometimes with scales, alternate with the lobes 
of the limb. Stamens 5, inserted in the base of the corolla, and alter- 
nate with its lobes (fig. 054 e). Disk annular, hypogynous. Ovary 
free, 2-4-celied, rarely by abortion 1-celled ; ovules definite, erect, 
when more than one, collateral ; style 1 (fig. 054 «s), usually bifid, 
rarely 2; stigmas obtuse or acute (fig. 055). Fruit succulent or 
capsular (fig. 050), 1-4-cclled, with septifragal and septicidal, or cir- 
cumscissile dehiscence. Seeds albuminous ; embryo curved or spiral 
(figs. 059, 502); cotyledons corrugated (fig. 058) or inconspicuous; 
radicle inferior. — Herbs or shrubs, usually twining, sometimes para- 
sitical, often with a milky juice, and with alternate, undivided or lobed, 
exstipulate leaves, rarely leafless. They occur chiefly in tropical and 
temperate regions. The order has been divided into two suborders: — 
1. Convolvulea?, true Bindweeds, leafy plants, with the corolline tube 
not scaly, embryo curved, cotyledons conspicuous. 2. Ouscutese, 
Dodders, leafless parasites, having scales on the corolline tube, embryo 
spiral and filiform (fig. 502), cotyledons inconspicuous. There are 45 
genera, and upwards of 700 species. Examples — Convolvulus, Ipo- 
moca, Exogonium, Dichondra, Cuscuta. 
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956. The order is characterised generally by the presence of an 
acrid juice in the roots, which has purgative properties. On this 
account several of the plants are used medicinally. The old genus Con- 
volvulus has been split into various genera ; such as Ipomoea , Exogonitm , 
Pharbitis , Batatas , Quamoclit , Calouyction , and Lejnstemon , according 
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to the form of the corolla, the cxsertion or inclusion of the stamens, 
the form and nature of the stigma, and the structure of the ovary. 
Exogonium Purga {Ipomoea Purga , or Convolvulus Jalapa ) is the 
Jalap plant, a native of Mexico, which grows well in this country, re- 
quiring only the protection of a frame during winter. The plant has 
liowered regularly for many years in a cold frame in t lie Edinburgh 
Botanical Garden. The root-stock is the officinal part. It has a 

Figs. 652-659.— Organs of fructification of Convolvulus (Calystegia) sepium, to illustrate the 
natural order Convolvulace®. 

Fig. 652. — Diagram of the flower, showing two bracts, five unequal divisions of the imbricated 
calyx, five lobes of the plicate corolla, five stamens alternating -with the corolline lobes, and a 
quadrilocular ovary. 

Fig. 653.— Flower bud. ft, Large bracts, c, Calyx, p, Corolla. 

Fig. 654. — Vertical section of the lower part of the flower, ft, Bracts, c, Calyx, p, Tube of 
corolla, bearing the filaments of the stamens, e. o, Ovary, s, Stylo. 

Fig. 655.— Summit of the style and stigmas. 

Fig. 656. — Fruit, /, surrounded by the calyx, c, and the bracts, ft, which are persistent. 

f'ig. 657.— Seed, h , Hilura. 

Fig. 658.— Section of the seed showing the corrugated cotyledons. 

Fig, 659. — Embryo separated. 
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roundish tuberous form, is black externally, white and milky within, 
and varies in size from that of a walnut to that of a moderate-sized 
turnip. It contains a resin, in which its active properties reside. It 
is used in the form of powder and tincture, as an active irritant 
cathartic. The root of Convolvulus Scammonia yields a gummy resinous 
exudation, which constitutes medicinal Scammony. The plant grows 
abundantly in Greece, the Grecian Islands, and various parts of the 
Levant. Scammony is procured by cutting the root across, and 
collecting the milky juice which soon concretes. The drug is im- 
ported into this country from Smyrna. Its active principle is a resin. 
It is used medicinally as a drastic purgative, in the form of powder, 
pill, and extract. A spurious kind of Scammony has been prepared 
from the root of Convolvulus (Calystegia) septum ; and several plants be- 
longing to the natural order Asclepiadacea* yield a purgative exudation, 
which has been used under the names of Montpellier and Bourbon Scam- 
mony (If 1 24). The roots of some of the plants do not possess purgative 
qualities, and have been used as articles of food. Batatas eclults (Con- 
volvulus Batatas) yields the Sweet 1 >otato, which contains much saccharine 
and amylaceous matter, and is used as food in tropical countries. The 
species of Cuscuta , or Dodder, have acrid purgative properties. Their 
seeds germinate in the soil, and the plants afterwards twine round 
others, and become attached to them by means of suckers. They then 
lose their connection with the soil, and are supported as true parasites. 
In this way they often destroy crops of Flax and Clover. 

957. Order 132. — Cordiaeei**, the Cordia Family. ( Monopet . Hy- 
pog .) Calyx 4-5-toothed, inferior. Corolla monopetalous, 4-5-cleft, 
regular. Stamens inserted on the corolla, alternate with its segments; 
anthers versatile. Ovary free, 4-8-colled ; ovules solitary, pendulous, 
anatropal ; style continuous; stigma 4-8-cleft. Fruit drupaceous, 
4-8-celled. Seed cxalbuminous, pendulous from the apex of the cell 
by a long funiculus, upon which it is turned back ; radicle superior ; 
cotyledons plaited longitudinally. — Trees, with alternate, rough, cx- 
stipulate leaves, and panicled flowers. They tire chiefly natives of 
warm countries. Some yield edible fruits; their bark is occasionally 
bitter, tonic, and astringent, and their wood is used for various econo- 
mical purposes. The succulent, mucilaginous fruits of Cordia Myxa 
and Sebestena , receive the name of Sebesten Plums. There are 11 
genera enumerated by Lindley, including 180 species. Examples — 
Cordia, Varronia. 

958. Order 133. — Jloraginaceup, the Borage Family. (Monopet 
Hypog.) Calyx persistent, 4-5-divided (figs. 6G0, GO 1 c). Corolla 
gamopetalous, hypogynous, usually regular (figs. 29G, 297), 5- rarely 
4-cleft; aestivation imbricated (figs. GGO, GGl pp). Stamens inserted 
on the corolla, equal in number to its segments, and alternate with 
them (fig. GGl e). Ovary usually 4-lobed, quadrilocular (fig. G61 o) ; 
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ovules 4, each attached to the lowest point of the cavity, arophitropal ; 
style simple, basilar (figs. 403, 661 s), (terminal in Ehftetiea* an^Helio- 


tropieae); stigma simple or bifid. Fruit (fig. 662) c ‘ of 2 to .4 
distinct achsenia (succulent - and consolidated in ’ . Seed 

exalbuminous, or with thin albumen; radicle suj >t)%dons 

plano-convex (fig. 662). — Herbs, shrubs, or trees, te stkns, 



alternate, rough, exstipulate leaves, and flowers generally in scorpioidal 
(gyrate) cymes (fig. 253). On account of the asperities in the leaves, 
the plants have sometimes been called Asperiiolia*. The order is divided 
into three suborders: — 1. Boragineie (figs. 660-662), with a basilar 
style, 4-lobed ovary, achamium-like fruit, and exalbuminous seeds ; 
natives chiefly of temperate climates. 2. Ehretiea 1 , with a terminal 
style, a quadril ocular concrete ovary, a succulent fruit, and usually 
albuminous seeds ; natives of tropical countries. 3. IleliotropieEc, with 
a terminal style, an entire or 2-lobed ovary, a dry fruit separable 
into four ach tenia, and exalbuminous seeds; natives partly of temperate, 
and partly of warm climates. There are 67 known genera, and nearly 
900 species. Examples — Borago, Anchusa, Echium, Myosotis, Cyno- 
glossmn, Eliretia, Heliotropium. 

959. The plants of the order arc generally mucilaginous and emol- 
lient. Some are astringent. Nitrate of potash exists in some, and 
imparts coolness to the water in which they are steeped. Borago offi- 
cinalis , Borage, has been used for its mucilaginous emollient properties, 

Figs. G60-GG2. — Organs of fructification of Anchusa italica, to illustrate tlie natural order 
Boraginaceci*. 

Fig. 060.- -Diagram of the flower, with five imbricated divisions of the calyx, five imbricated 
segments of the corolla, five stamens, and a 4-lobed ovary. 

Fig. 601.— Vertical section of the flower, c, Hairy calyx, pp, Corolla, c, Stamens inserted 
into the corolla, a a , Stamina! appendages or corollino scales, o, 4-lobed ovary, two of its 
divisions cut through vertically, s, Basilar style. 

Fig. 662. — One of the carpels (acheenia) cut vertically, p, Pericarp separable from the seed, 
t, Spcrmodena or integuments of the seed, c, Embryo with superior radicle, and plano-convex 
cotyledons. 
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as a remedy in pectoral affections ; and with wine, water, lemon, and 
sugar, its leaves form an ingredient in what is called cool-tankard. At- 
tached to the stamens in this plant, and others of the order, arc scales, 
which may be considered as abortive stamens, formed by dilamination 
(fig. 312). Avchusa tinctnria supplies alkanet-root, which is used as a 
reddish-brown dye. Some of the species of lldiotropmm (as II. peruvia- 
nmn) are distinguished by their fragrant odour. The leaves of Steenham- 
mera ( Lithospernmm ) maritininui have the taste of oysters, and hence it 
is called the Oyster-plant in Scotland. Myosotis pxdmtris (tig. 207) is 
the true Forget-me-not. Miss Strickland remarks, that the banished 
and aspiring Henry of Lancaster appears to have been the person 
who gave to this plant its emblematical and poetical meaning, by 
uniting it in Ids exile with the initial letter of his watchword, ‘Souveigne- 
vous-de-moy.’ 

9(50. Order 134. — Solanacen*, the Nightshade Family. (Monopct. 
Ilypog.) Calyx inferior, 5- rarely 4-part.ite, persistent (fig. GG4 c). 
Corolla monopctalous, hypogyuous, with the limb 5- rarely 4-cleft, 
regular, or somewhat unequal, deciduous ; aestivation plicate or im- 
bricated (fig. GG3). Stamens inserted on the corolla (fig. GG4 <?), 
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Fig. 663-668. — Organs of fructification of Solanum tuberosum, the Potato, to illustrate the 
natural order Solanacoo. 

Fig. 663. — Diagram of the flower, with five divisions of the calyx, five plicate segments of 
the corolla, five stamens, and a 2-celled ovary with poly y pennons placentas, a, Axis. 

Fig. 664.— Vertical section of the flower, c, Calyx, pp, Lower part of the corolla, e, Stamens, 
with porous dehiscence of the anthers, o, Bilocular ovary, polyspenuous. a , Style and stigma. 

Fig. 665.— Fruit, baccate. 

Fig. 666.— Horizon tal section of the frait, showing the seeds and placeuta. 

Fig. 667. — The seed. 

Fig. 668.— Vertical section of the seed, t, Integument (spermoderm) of the seed, p, Fleshy 
j>erisperm (albumen), e, Embryo, which is curved and excentric, with the radicle next the 
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equal in number to the corolline segments, and alternate with them 
(fig. 003) ; anthers with longitudinal or porous dehiscence (fig. 004 e). 
Ovary usually 2 -celled (lig. 004 o), sometimes 4-5- or inany-celled ; 
ovules indefinite ; style continuous; stigma simple (lig. 004 /?). Fruit 
with 2, 1, or more cells, rarely unilocular ; either a capsule dehis- 
cing in a septieidal or circumscissile manner, and having a double 
dissepiment parallel to the valves, or a berry (figs. 005, 000) with 
the placentas adhering to the dissepiment, or a nuculanium with 5 or 
more nucules. Seeds 00; embryo straight or curved (fig. 008), often 
excentric, lying in fleshy albumen ; radicle next the hilum. — Herbs or 
shrubs, with alternate leaves. Natives of most parts of the world, but 
abundant in the tropics. The order has been divided into two sections, 
which are not, however, well defined: — 1. liectcmbryje, with the 
embryo nearly straight. 2. Ourvembrya?, with the embryo curved in 
a semicircular, annular, or spiral manner. Those are subdivided inn> 
tribes, chiefly according to the nature of* the fruit. There are 00 
known genera, and 935 species enumerated; but there is considerable 
diiliculty in the allocation of the genera. Examples — Ceslrum, Habro- 
thamnus, Nicotiana, Petunia, Datura, llyoscyatnus, Solanum, Physalis. 
No lan a ? 

901. The plants of this order have in general narcotic qualities. 
These are sometimes developed in a great degree 1 , so as to render 
the plants very poisonous ; at. other times they are obscured by the pre- 
valence of nutritious and starchy matter. In many instances, certain 
parts of the plant have poisonous narcotic properties, while other parts 
are harmless, and are used as articles of diet. These lads will he 
illustrated by a consideration of different genera and species. Solanum 
Dulcamara , Hitter- sweet or woody Nightshade, lias slightly narcotic pro- 
perties, which appear to be owing to the presence of an alkaloid called 
Solan i a. The twigs of the plant are used medicinally, in the form of 
decoction, in various cutaneous diseases. They art 1 supposed to pos- 
sess sudorific and alterative properties. The scarlet berries of the 
plant arc reckoned poisonous. Solatium nigrum has more active nar- 
cotic qualities. Solanum tuberosum , the Potato (fig. 92), has slight 
narcotic qualities in its leaves and fruit, but in the tubers there is an 
abundance of starch, and when cooked they are wholesome and nutri- 
tious. In the genus Solanum the anthers open by pores. Atropa 
Belladonna , Deadly Nightshade or Dwale, is a highly poisonous plant 
belonging to this order. All parts of the plant are narcotic. The 
fruit is a dark brownish-black shining berry, which often proves 
attractive to children. The leaves are the part used in medicine, and 
from these an extract is prepared. The watery extract is best made in 
vacuo, but the alcoholic extract is probably the best. Belladonna is 
one of our most active indigenous poisons. It owes its properties to 
the presence of an alkaloid called Atropia, which exists in the plant in 
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combination witli malic acid. Belladonna is used medicinally to allay 
pain and spasmodic action, to cause dilatation of the pupil, and as a 
prophylactic against scarlatina. Similar properties (exist in the species 
of Ijfjfoscijanun q more especially in H. ) tiger, Henbane, a biennial plant, 
with dingy -yellow ilowers, exhibiting l)eautiful purple reticulations, 
hairy viscous leaves, and a bilocular operculate capsule (fig. 459). 
The leaves yield by expression a large quantity of juice, whence an 
extract is prepared. A tincture of Ilenbane is often used in place of 
laudanum, on account of not causing constipation. It is employed in 
medicine to procure sleep and allay pain, aud if acts also in dilating 
the pupil. The narcotic properties seem to be owing to an easily 
decomposed alkaloid called Hyoseyamia. An enipyreumatic oil is 
obtained from the plant, which is an energetic narcotic poison. The 
roots of the plant have sometimes caused poisoning by being mistaken 
for parsnips. Many specie.** of Datum are powerfully narcotic. D. 
Stramonium is the Thorn-apple, so calhd on account of its prickly 
capsule. Its leaves and .-seeds arc used medicinally as narcotics, their 
qualities being due to an alkaloid calk'd Datum. They are prescribed 
as anodynes and antispasumdics, in the form of powder, extract, and 
tincture, and the leaves an? smoked in cases of asthma. Datura 
Tatula and Me tel, scnujuinca , fcro.r and Jas/uosa, have similar proper- 
ties. Several species of Xicotimm furnish Tobacco. That chiefly used 
in Europe is procured from A. Tab team, a plant naturally inhabiting 
the hotter parts of North and South America, It is an annual plant, 
attaining a height of six feet, having dingy-red inluudibuliform 
ilowers (tig. 294) and vi>cid leaves. The leaves are the officinal part, 
and their active properties depend on a peculiar oily-like alkaloid 
called Nicofcina. They arc 1 employed in the form of infusion, tincture, 
and wine. Tobacco is an energetic narcotic poison. It is employed 
medicinally as a sedative, and its depressing action is useful in cases 
of hernia. Its depressing action is indicated by its (‘fleet on the cere- 
bral functions and on llie heart. The llavour and strength of tobacco 
depend on climate, cultivation, and the mode of manufacture. That 
most esteemed by the smoker is Havanuah tobacco; but the* Virginian 
is the strongest, it is said that small llavannali cigars are prepared 
from the leaves of Nkotuuia repanda; Syrian and Turkish tobacco 
from N. rmtira , and fine Shiraz tobacco from jY. persica . TJie fruit of 
different species and varieties of Capsicum supply Cayenne-pepper, and 
what are called Chillies. Chilli is the Mexican name for all the varie- 
ties of Capsicum. They are natives of the East and West. Indies, and 
of other hot climates. Capsicum annuum is the species commonly 
noticed, blit of it there seems to be numerous varieties, which by many 
are reckoned species. Thus, C. frutescem is a shrubby plant which, 
iilong with C. minimum, supplies the variety called Bird-pepper ; C. 
baccatum has a globular fruit, and furnishes Cherry or Berry-capsicum. 
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In Capsicums irritant properties prevail, so as to obscure the nar- 
cotic. action. Their acridity is owing to an oleaginous substance called 
Capsicin. Cayenne-pepper is used chielly in the form of tincture as a 
rubefacient and stimulant, especially in cases of ulcerated sore throat. 
It acts on the stomach as an aromatic, condiment, and, when preserved 
in acetic acid, it forms Chilli vinegar. Mandragora officinalis (Atropa 
Mandragora ), Mandrake, acts as a stimulant on the nervous system, 
and its forked root was long celebrated tor its properties in this respect. 
It is the own of the Bible. The species of I %/ml in are remarkable 
for their accrescent calyx (fig. 280). The fruit of some, such as J\ 
peruriana, Peruvian Winter Cherry, is eaten. The fruit of Ltfcopersicunt 
csculentum is the edible Tomato, or Love-apple ; that of Solatium Melon- 
gen a and origerum is the Egg-apple. 

A division of the genera, of this order has been made by M. Fee 
into — 1. Those which contain species, all of which are more or less 
poisonous, as Datura, 1 Igorcgamur, Atropa, Eicotiana, &c. 2. Those 

which contain some species truly poisonous, and others innocuous or 
stimulant, as Solatium and Capricorn. 3. Those having species which 
are all innocuous, as Lt/copereicum. 

002. Order 1 3 A — Orobai»<*lim*ca\ the Broom-rape Family. (Mono- 
pet. Jft/pog.) Calyx divided, persistent, inferior. Corolla monopetal- 
ous, hypogynous, irregular, usually bilabiate, persistent; estivation 
imbricated. Stamens 1, didynamous. Disk fleshy. Ovary tree, 1- 
cclled, composed of 2 carpels which stand fore and aft, with 2 or more 
parietal placentas; ovules 00; style 1 ; stigma 2-lobed, each of the 
lobes belong hall* to each carpel. Fruit capsular, enclosed within the 
withered corolla, 1 -celled, 2-valved. Seeds 00, minute; embryo very 
minute, at one end of fleshy albumen. — Herbaceous parasitical plants, 
having scales iti place of leaves. They arc natives of Europe, more 
especially the southern parts, and of Asia, North America, and the Cape 
of Good Hope. Findley gives 12 genera, and 11(1 species. Example w 
— ( h’obanelie, Latlinea. 

903. The properties of the plants of the order are, in general, astrin- 
gency and bitterness. Some have been list'd as tonics, and as applica- 
tions to indolent ulcers. The species' of Orobanche are called Broom- 
rapes, on account of the ravages they are supposed to commit on the 
Broom tribe. "They attach themselves to the roots of various plants, 
and are hence called Foot-parasites. Different species infest and 
injure different tribes of plants. Thus, Orobanche rapum is parasitical 
upon Broom and Furze; 0. raw ora, upon Hem])*, O. rubra, upon com- 
mon Thyme; O. minor, upon red Clover; O. barbata, upon the Ivy; 
O. elatior and arenaria, upon different species of Composite, as Cen- 
taury and Milfoil. The stems of Orobanehes have a large central 
cellular portion, surrounded by numerous fibre- vascular bundles, 
which are arranged in a circle without aDy medullary rays. Tubers 
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exist at the lower part, whence subterranean buds are developed. 
Sometimes the libro- vascular bundles of the plants, to which the 
Broom-rapes are attached, are found ramifying in the substauce of the 
parasite. As Broom-rapes possess tubers and ordinary roots, Iienfrcy 
is disposed to think that they also derive nourishment from the soil in 
the usual way. Lathnm sguamaria, Scale-wort, is parasitical upon 
the roots of Hazels, Cherry -laurels, and other trees. Epiphcgus Vir- 
ginian* i, Beech-drops, lias been used in powder as an application to 
cancerous sores. 

901. Order L3G. — .Hcroplmlarhwew*, the Figwort Family. (2 Mono- 
pet. llifpog. ) Calyx divided into 4 or 5 parts, unequal, persistent, in- 
terior (iig. 288 r). Corolla monopetalous, more or less irregular .and 
bilabiate (lig. 288 p), or personate (lig. 300), sometimes spurred or 
saccate at the base; activation imbricate. In the Imd, the (lowers are 
regular (lig. 305). Stamens usually 4, didynamous (iigs. 344, 340), 
rarely f>, sometimes 2 ; antliers bilocular, or unilocular by abortion 
or adhesion. Ovary free, 2 -celled; ovules usually 00 ; style simple; 
stigma 2-lobed, rarely entire. Fruit capsular, rarely lie, shy, dicarpel- 
lary, 2-celled (tig. 145), 2-4-valved, opening by sept ieidal or loculi- 
eidal dehiscence, rarely by pores (lig. 402) or lids, the dissepiments 
becoming iinally loose! in the centre (lig. 440). Placentas attached to 
the dissepiment, and sometimes in the mature fruit becoming central. 
Seeds d eiinite or 00 ; embryo straight or slightly curved, included 
wituin lleshy albumen. — Herbs, undershmbs, or shrubs, with opposite, 
whorlod, or alternate leaves. They art* found generally distril >utcd ovt*r 
the globe, both in cold and warm regions. The order has been divided 
by Bentham into three sections: — L Salpiglossidea*. 2. Antirrhinidea?. 
3. Rhiimnthideie. The characters of these divisions are founded on 
the nature of the inJtoreseenee, whether centrifugal, centripetal, or 
compound, and the activation of the corolla. There are 17G known 
genera, and 1,814 species. Examples — Schizanthus, tSalpiglossis, Cal- 
ceolaria, Verbaseum, Antirrhinum, Scroplnilaria, Pentstemon, Mimu- 
lus, Digitalis, Veronica, Rhinanthus, Melampyrum. 

9 65. The plants of tlie order are usually scentless, or at all events 
not aromatic. They are acrid and slightly bitter, and some of them 
are sedative and poisonous. Some of the plants of the order belong 
to the tribe of lioot-parasites. This is particularly the case with species 
of Euphrasia , llhitumthus , Bartsia, Melampt/nmi , and Pedicularis. 
These parasites differ from Broom -rapes in having green leaves, and 
they seem to be apparently independent after they have acquired a 
certain degree of development. The species of Mb nidus have a bila- 
mellate stigma, the two lamella* of winch are irritable, and close when 
irritated. The movements of tlie stigma are probably in some way 
connected with fertilization. One of the species, Mimulus Intern , has 
become naturalized in many parts of Britain, as in the neighbourhood 
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of Edinburgh, on the shores of the Clyde, the Isle of Skye, Perthshire, 
&c, Mima las mo&chatus is cultivated on account of its musk -like 
odour. The most important medical plant of the order is Digitalis 
purpurea , Foxglove, the leaves and seeds of which are employed in 
the form of powder, tincture, and infusion. The leaves have a bitter 
taste, which they retain when carefully dried. In large doses they 
act as a narcoti co-irritant poison, and in small doses they arc. used as 
sedative of the circulation, and diuretic. Their continued use causes 
great slowness of the pulse, and hence their employment in diseases of 
the heart, and in hemorrhages, such as hemoptysis. In dropsical 
cases, especially those connected with diseased heart, Digitalis is exten- 
sively used. Its active properties are due to the presence of a crystal-* 
line principle called Digitalin. Several other species of Digitalis, such 
as D. larigala , f/randijlora, tutca , and tonienfnsa, have similar properties. 
The leaves of ^cmphnlaria 'nod ora, knotted Figworfc, have irritant 
qualities, and have been used as emetic and cathartic remedies. In 
the form of ointment and fomentation, they have been applied to 
diseases of the skin and tumours. The woolly leaves of Verba scum 
Thapsir.% Great Mullein, are emollient and slightly narcotic. They 
have been used in some pectoral affections. The species of M dampy- 
rum are called Cow-wheat, in consequence of being relished by cows. 
Kvphnma officinalis. Eye-bright, or Euphrasy, was formerly used in 
cases of ophthalmia. Some of the species of ] /maria and Calceolaria 
are used lor dyeing. J Juana vulgaris exhibits what Linn am s called 
3 Gloria (f 054, 055), by the flowers being 5-spurred in place of 
1 -spurred, and thus becoming regular, (iraliola officinalis , Hedge- 
hyssop, is bitter and acrid, and is said to enter into the composition 
of the Eau mediciuale, so much vaunted as a remedy for gout. The 
leaves of Veronica officinalis are hitter and astringent, and are some- 
times used as tea. 

900. Order 137. — Labial?** (Lamiaeea 1 of Findley), the. Labiate 
Family. (MonopeL Jlypog.) Calyx tubular, inferior, regular or bila- 
biate, persistent (figs. 070, 072 c). Corolla monopetalous, hypogy- 
nous, bilabiate; upper lip entire or bilid, lower 3-lobed (figs. 299, 
070, 671). Stamens 4 (fig. 009), didynamous (fig. 071 e), some- 
times 2 by abortion, inserted into the corolla, and alternate with the 
lobes of the lower lip; anthers 2 -celled, or 1 -celled by abortion, or 
by absorption of the septum (fig. 333); connective sometimes large 
and distractile (fig. 333 e). Disk fleshy. Ovary tree, deeply 4-lohed 
(figs, 402, 0G9); ovules 4; style 1, basilar (figs, 402, 071 s) ; stigma 
bifid (fig. 071 s ), usually acute. Fruit consisting of 1-4 aehamia, en- 
closed within the persistent calyx (tigs. 402, 072). Seeds erect (fig. 
073) ; albumen either 0, or in small quantity ; embryo erect (fig. 
073 c); cotyledons flat; radicle inferior. — Herbs or undershrubs, with 
tetragonal stems, opposite exstipulate leaves, and cymose inflorescence, 
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the flowers being often in vertieillastcrs. Linnaeus looked upon the 
fruit as naked seeds, and lienee included many of the plants in the 
order Gynmosperniia of his JDidynamous class, They lire natives 
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cliiei I y of temperate regions. Lindley mentions 12 a genera, including 
2,050 species. Knui/pfen — Mentha., Salvia, Melissa, Lamium, Teu- 
crium, Scutellaria. 

007. The plants of this order arc in general fragrant and aromatic, 
and none of them arc* poisonous or injurious. Scarcely any are used 
for ordinary food, although many form grateful condiments. Their 
loaves contain receptacles of volatile* oil, and many of them furnish a 

Figs. (509-673.— Organs of fructification of Lamium album, to illustrate the natural order 
Lahiata\ 

Fig. 6(50. — Diagram of the flower, with the jwmtainerous calyx ; pentamerous corolla, having 
two lips, the upper lip being formed of two united petals, the lower of three ; four stamens, in 
consequence of one being undeveloped, and four divisions of the ovarv. 

Fig. 070.-- Entire flower viewed laterally. <, Five-cleft calyx, i, Tube of the corolla. Is, Upper 
lip of two petals. 7 7, Lower lip of three. «, Style. 

Fig. 671. — The flower cut vertically, c, Calyx, p, Corolla, c, Didynamous stamens, s, Style 
and bifid stigma. «, Ovary. 

Fig. 672. — Fruit (a tetracbueniunOcnt vertically, showing the carpels, two of which have been 
removed, c, Persistent calyx. ^ //, Fleshy disk or gland, r, fiynohasic, receptacle bearing the 
style, s, which is basilar, i. * . arises from tbo lower part of the carpels, o, Two carpels wliich 
form achtenia when ripe;. 

Fig. 673. — A carpel cut vertically. ]>, Pericarp, t , Integument of the seed, c, Embryo erect 
with inferior radicle. 
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st ear op tin resembling camphor. Medicinally, many of them are used 
as carminatives. The species of Mentha yield volatile oils. M. Piperita , 
Peppermint, is used as a powerful diffusible stimulant in cases of colic 
and gastrodynia. The oil is procured by distillation with water, and, 
when dissolved in rectified spirit, it forms the essence of Peppermint. 
Mentha rirhlis, Spearmint, is used in the same way as Peppermint; 
while M. Puleyium , Penny-royal, is employed as a pectoral and anti- 
spasmodic. .Lavandula vent (L. spica, officinalis , and any usti folia of 
authors) yields the best oil of Lavender; while L. htti folia furnishes 
Spike-oil. Like the other volatile oils of the Labiata*, oil of Lavender 
consists of a fluid oil, or Ekeoptin, and a solid crystalline substance, or 
Stearoptin, analogous to camphor. Lavender is a tonic, stimulant, 
and carminative. The flowering tops of Posntarinus officinalis, Bosc- 
mary, furnish an oil which has similar properties. It is used much in 
perfumer v T , and enters into the composition of Eau de Cologne. Oils 
of the same nature are procured from ( triyunum rulyare, Wild Mar- 
joram, 0. Majovnna , Sweet Marjoram, Melissa officinalis , common 
Balm, and Marruhium vvlynre , while Horehouud. Some consider the 
Hyssop of Scripture, nwM, as being IJyssopvs orientalis (71. officinalis, 
var. an gusli folius) ; but Boyle looks upon if as one of the Caper plants 
(Capparis tvyyptiam). J dirt ninth us y caret dens of some, I y oyostcmon 
mavis or 1\ Patchouly of others, is the Patchouli plant of the East 
Indies, which is used as a perfume. Jt is called in India pucha pat. 
It yields a volatile oil of* a yellowish-green colour. Lycopus viryinicus , 
Bugle -weed, and L. curoptrus , Gipsey-wort, are used as astringents 
ami sedatives. Many Labiates, such as Thyme (Thymus), Mint {Men- 
tha), Sage (Salvia), Basil (Ocymunt), {"savoury (Satureia), &c., are used 
as culinary vegetables, more particularly to flavour sauces and dishes. 
The species of Salvia are distinguished by having only two stamens in 
consequence of the abortion of the rest, and by their distractile con- 
nective, which separates the anther lobes (tig. 3bo). In the episperm 
of the seeds of the species of Salvia there are beautiful spiral cells, thr 
fibres of which, like those of Collomia, uncoil when moistened with 
water, and form an interesting microscopic object. Salvia officinalis, 
common Sage, lias been used in the form of tea. as a stomachic. What 
are called Sage-apples, are galls produced by the puncture of insects on 
Salvia pontiff era. The roots of Oeymum tuberosum are said to be escu- 
lent. Hyptis membrauacea, one of the Brazilian Labiates, attains the' 
height ot* twenty or thirty feet. 

1)(>8. Order LhS. — Vertoenarea*, the Vervain Family. (Monopet. 
Jlypoy.) Calyx tubular, persistent, inferior. Corolla monopetalous, 
tubular, hypogynous, deciduous, limb usually irregular; aestivation 
imbricated. Stamens usually 4, didynamous, rarely equal, sometimes 
2. Ovary free, 2-4-eelled; ovules usually 4, erect or pendulous, 
anatropal or ampliitropal ; style 1, terminal; stigma bifid or entire. 
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Fruit nucamontaceous or baccate, composed of 2 or 4 acha-nia united. 
Seeds 1-4 ; albumen 0 or fleshy; embryo straight; radicle cither in- 
ferior or superior. — Trees or shrubs, rarely herbs, with opposite or 
alternate, exstipulate leaves. The; order lias been divided into three 
suborders: — 1. Myoporincie, anthers 2-cel led, seed pendulous, radicle 
superior; natives of the southern parrs of America and Africa, and of 
Australia,. 2. Yerbenetr (fig. 2.47), authors 2 -celled, seed erect, radicle 
inferior ; natives both of the tropical and temperate regions of Ameriea, 
and found also in Asia, and in Europe. 3. Selaginoic, anthers 1 -celled, 
seed pendulous, radicle superior; natives chiefly of the Cape of Good 
Hope, but some are European. There are 75 known genera,, and 
upwards of 770 species. Examples — Myoporum, Avicennia, Verbena, 
Vitex, Tectona, Selago, Globularia. 

009. Many of the plants of the order are fragrant and aromatic, 
some are hitter, tonic, and astringent, others are acrid. None of them 
occur in the British Pharmacopeias. Aloysio eitriodora, Sweet-scented 
Verbena, is commonly cultivated for its fragrance. In the leaves, Mr. 
Murchison has noticed peculiar glands containing oily matter. The 
species of A vicennia have adventitious roots like the Mangrove*. The 
hark of Avicennia tomentosa is used in Brazil for tanning. Tectona 
grand is is the Teak -tree of India,, the; wood of which is very hard and 
durable, and is used for ship-building. A fine specimen exists in the 
Edinburgh Botanic Garden. The trunk of the tree in eastern forests 
sometimes attains a height of two hundred feet, and its leaves are twenty 
inches long by sixteen broad. The fruit of several species of Vitex is 
acrid and aromatic. Some species of La n tana and Stachgfarpheta are 
used for tea. The Vervain was a sacred plant among the Greeks, and 
it was looked upon by the Druids with superstitious reverence. 

970. Order 149. — Acanthaeeap, the Acanthus Family. ( Monopet. 
llgpog.) Calyx with 4-5 divisions, equal or unequal, occasionally 
multifid, or entire and obsolete, persistent. Corolla monopetalous, 
hypogynous, usually irregular, with the limb ringent or bilabiate, or 
rarely unilabiate, sometimes nearly equal, deciduous. Stamens in- 
serted on the corolla, usually 2, sometimes 4, didynamous, the shorter 
ones being occasionally sterile ; anthers 1-2-eelled, with longitudinal 
dehiscence. Disk glandular. Ovary free, 2-celled ; placentas adher- 
ing to the axis ; ovules 2 or more in each cell, curved ; style 1 ; 
stigma 2-lobed, rarely entire. Fruit a 2-celled capsule, dehiscing by 
2 elastic valves, in a loculicidal manner. Seeds 2 or many in each 
cell, sometimes solitary, roundish, attached t,o hard, persistent, hooked 
or subulate ascending processes of the placenta; testa loose; albumen 
0; embryo curved or straight; cotyledons large, leafy; radicle 
cylindrical, next the hilum. — Herbaceous plants or shrubs, with 
opposite, exstipulate, simple leaves, arid bracteated flowers; 2 or 
4 large leafy bracts accompanying each flower. They abound in 
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tropical regions. The order 1ms been divided into three tribes: — 1. 
Thunbergiea?, with the placental processes in the form of a hard cup, 
supporting the seed. 2. Nclsonicte, with the ]>] a, cental processes con- 
tracted into a papilla, hearing the seed, which is small and pitted. 3. 
Echmatacanthi, with the placental processes hooked. There are 105 
genera, according to LindJey, and about 750 species. .Examples — 
Thunbergia, ISVlsonia, Acanthus, Justicia, Buellia. 

971. The ]>lants of the order have mucilaginous and bitter proper- 
ties in general, but. they arc not put to important uses. The leaves of 
Acanthus, with their sinuated lobes, gave origin to the capital of the 
Corinthian pillar. Acanthus mollis lias emollient, qualities. The seeds 
of A canthodium sj neat urn have beautiful spiral cells in their episporm 
(If 1 1). The style* of Uuellia (( loldfussia ) (/uisophyl/a exhibits a peculiar 
irritability; its curved stigma tic apex becoming gradually straightened 
so as to come into contact, with the hairs of the corolla, upon which the 
pollen is scattered. Many of tin 1 species of Justicia, Uuellia, and Aphe- 
larulra, are cultivated in hothouses on account of their showy flowers. 

972. Order 1 40. — Lentibnlariaeiw. the Buttenvort Family. (Mono- 
pet. ffypog.) Calyx interior, divided, persistent. Corolla monopetal- 
ous, hypogynous, irregular, bilabiate, usually spurred. Stamens 2, 
inserted into the base of tin 1 corolla, and included : anthers monotheeai, 
sometimes contracted in the middle. Ovary tree, composed of 2 car- 
pellary leaves, uniloeidar; ovules 00, anatropal ; placenta free, central ; 
style ], very short; stigma bi lamellar. Fruit a. 1 -celled capsule, 
dehiscing transversely, or by an npicilar deft. Seeds numerous, 
minute, exalbuminous ; embryo sometimes undivided; radicle next 
the liikun. — Aquatic or marsh herbaceous plants, with radical leaves, 
which are sometimes compound, and bear little bladders or ampulla*. 
Flowers often on scapes. They are found in all parts of the world, 
and abound in the tropics. Lindlcy enumerates 4 genera, including 
173 species. Exam ) fie, s — IJtricularia, Pinguieula. 

973. The plants of the order have no properties of importance. The 
name of Buttorwort, given to the species of Uinguictda, may be derived 
from the property of giving consistence to milk. Others say that it 
has reference to the greasy appearance of their foliage. Of the four 
British species, one (P. grand ij! ova) is peculiar to Ireland, and another 
(P. aljnnd) is peculiar to Scotland. Etricularias, Pdadder worts, 
arc so called on account of the utricles or bladdets connected with 
the leaves ltM). in the interior of these vesicles a mucous fluid 
is found along with cellular projections in the iorm of hairs. Utri- 
cvhma nelumhi folia grows in the water which collects in the bottom of 
the leaves of a large Tilkmdsia in Brazil, it sends out runners and 
shoots, and often in this way unites several plants of Tillandsia. The 
leaves are peltate, and more than three inches across, while the flower- 
ing stem is two feet long. 
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974. Order 141. — Priinulacfw, the Primrose 1 amity. (Mono pet. 
Jhfpog.) Calyx 5- rarely 4 -cleft (fig. -272), inferior or half superior, 
regular, persistent (tigs. G75 c, G 77). Corolla m onope talons (fig. 2 'Jo p), 
liypogyuoits (tig. G75), rarely perigynous, with the limb »>- rarely 
4-cleft, sometimes 0 (iig. 54:5). Stamens inserted^ on Pie corolla, 
equal in number and opposite to its segments (tigs. G74, G7o). Ovary 
free, (tigs. G75, G7G e), rarely adherent to the bast*, ot the calyx, 1 -celled; 
ovules 00, usually amplutrnpal ; style 1 (tig* 675 s); stigma capitate 
(tig. G 75). Fruit a capsule, opening with valves (tig. 677), or with a 
lit] (tig. 458). Seeds numerous, peltate (tig. 6 78), attached to a free 
central placenta (tig. G77); embryo straight (lig\ 680), enclosed within 
fleshy albumen, and lying across the hilum (tig. 079). — Herbaceous 
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plants, with leaves usually opposite, and frequently radical, exstipulatc; 
flowers on simple or umbellate scapes. They are natives chiefly of 
temperate and cold regions in the northern hemisphere; some occur 
in elevated situations in warm countries. Lindley notices 29 genera, 
including 215 species. Examples — Primula, Androsaee, Claux, Trial- 
talis, Anagallis, Samolus. 

975. None of the. plants of this order occur in the British Pharmaco- 
poeias, and few of them have any important medical properties. Acridity 
prevails more or less in the order. They are cultivated as showy ganlen 

Figs. (J7 4-(>80. — Organs of fructification of Primula olatior, illustrating the natural order 
Priumlactw. 

Pig. <>74. — Diagram of the flower, with (ice imbricate divisions of tlio calyx, five segments of 
the corolla, five stamens opposite tin? eorolKno segments, and live carpeilary leaves, surrounding 
a free central placenta. 

Pig. (J75. — Vertical section of the flower, r, Inferior calyx. />, Monopotalous corolla. c, Sta- 
mens attached to the corolla, o, Superior ovary, .v. Style with capitate stigma. 

Pig. 67(>. — Ovary cut vertically, to shove the free central placenta covered with ovules, s, Base 
of the style. 

Pig. (577 — Vertical section of the fruit, f Pericarp, p, Placenta with numerous seeds, some 
of winch have been detached. 

Pig. <578.— Peltate amphitropal seed separated, h , Jliluin. 

Pig. (570. — Seed cut vertically. I, Integuments (sperm odenn ). h } lliliun. p f Fleshy peri- 
sperm (albumen), e, Transverse embryo lying across the. hilum. 

Pig. t>80.— Embry o with cotyledons and radicle. 
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annuals and perennials. All the line forms of Auricula, are derived 
from the yellow Primula Auricula, a native of the Swiss Alps. The 
British species of Primula, are l\ veris 1 the Cowslip, the flowers of 
which are said to he narcotic; P. r/atior , llie Oxlip ; J\ vulgaris , the 
Primrose; P. ft riuosa, the Bird's-eye Primrose; and P. scot Ira, the 
Scottish Primrose. Tin* species of C/jclameu , or Sowbread, have large 
tuberous-like partially subterranean stems, with acrid properties, 
and their English name is derived from the circumstance of their 
being eaten as food by wild boars. In them, as well as in the species 
of Dodccatheou , the petals are reflexed. The flowers of the species of 
Ana (jail is arc meteoric (*j[ 484), and their seed-vessel is a pyxidium 
(fig. 458). They are said 1o be acrid, and to cause inflammation of 
the mucous membrane. Trirutaiis europtra is the only British plant 
belonging to the Linmcan class iieptaiidria. It is slightly acrid. In 
Hamulus Valrrautli, Brook -weed, the calyx is partially adherent to 
tin' ovary, and in (Ihtux maritlma , the corolla is abortive, and the 
calyx becomes coloured (rig. 54 b). 

97G. Order 142. — JMiiiiifijigiitartw, the Sea -pink Family. (Mouojut 
H;/pocf.) Calyx tubular, persistent,, sometimes coloured; activation 
plaited. Corolla monopetalous or pentapcLaious, regular. Stamens 5, 
hypogynous when the corolla is gamopetalous, attached to the base of 
tilt* petals when they are separate. Ovary live, 1 -celled; ovule 
solitary, pendulous from a funiculus which arises from the bottom of 
the veil; styles 5, seldom 3 or 4, each bearing a subulate stigma. Fruit 
a utricle. Seed pendulous; spermoderm simple 1 ; embryo straight, in 
the axis of mealy albumen; radicle* superior. — Herbs or undershrubs, 
with alternate or fasciculate exstipulate lea\es, somewhat sheathing at 
the base; llowers panicled or capitate. They inhabit the sea -shores 
and salt marshes chiefly in temperate regions. There are two sections 
of this order : — 1. Plumbaginejc, with a synpetalous corolla and connate 
styles. 2. Ktatioea*, with a penlapetalous corolla and distinct styles. 
Lindley mentions 8 genera, and 1(>0 species. Examples — Plumbago, 
Slatice, Armeria. 

1)77. Some of the plants are acrid, others have tonic qualities. 
Armeria mrritima , Thrift, or common Sea-pink, grows both on the 
sea-shores and on the top of the highest Scottish mountains. Its 
inorganic chemical ingredients are said to vary in these positions 
(f 228). In Armeria the funiculus curves over the foramen of the 
ovule in a young state, but slips off at the period of fecundation, and 
allows an ovular process to proceed from the exostome towards the 
placenta. In this genus also, the scaly bracts unite so as to form an 
inverted cylindrical sheath below the heads or shortened panicles of 
flowers. Plumbago ennquva has been employed for the relief of tooth- 
ache, and has hence been called Toothwort. Some of the species of 
this genus act as vesicants. 
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978. Order 143. — -Pbrntufflnarm, the Ribwort Family. (Movopet. 
Hypog.) Calyx 4-parted, persistent, ; aestivation imbricate. Corolla 
monope talons, hypogvnous, scarions, persistent, with a 4 -parted liml , 
Stamens 4, inserted into the corolla, and alternate with its segments; 
filaments long, filiform, folded inwards in the bud ; antliers dithecal, 
versatile. Disk inconspicuous. Ovary free, 2-4-cell ed ; ovules soli- 
tary, or in pairs, or 00; style simple, capillary ; stigma, hispid, simple, 
rarely bifid. Fruit an opcreulate capsule, enclosed within the per- 
sistent corolla. Seeds sessile, peltate, or erect ; spermodorm mucila- 
ginous ; embryo in tin 1 , axis of fleshy albumen, transverse ; radicle 
inferior. — Herbs, which are often stemless, with radical ribbed leaves, 
and spiked hermaphrodite flowers, or solitary unisexual ones. The 
species are childly found in tempi 1 rate and cool regions. There are 
3 genera noticed by Findley, including 120 species. Kxamplc $ — * 
Plant ago, Littorclla. 

970. Tlie plants of this order are frequently latter and astringent. 
Their mucilaginous seeds arc sometimes used as demulcents. Plantatjo 
maritima is found both on tbe sea -shores, and on the top of the highest 
mountains in Scotland. Its inorganic constituents are said to differ 
in these localities (f 228). Pfa)da</o major, Way-bred, is said to 
follow the footsteps of man in his migrations. Its spikes are used for 
feeding birds. Sometimes the bract lets become large, and at other 
times they assume a vei tic ill ate appearance. 

Subclass I V. — M on oc iil amydile. * 

980. Corolla wanting ; a calyx, or what is called a simple perianth, 
present; flowers sometimes Achlamydeous. This subclass includes the 
Apetalous orders of Jussieu, and many of his Diclinous irregular orders. 
It corresponds to the Apetala? and Gymnosperma* of Endlicher. 

Section A . — Amjiorpmtuv.^ 

981. Monoclilamydeous or Achlamydeous plants, having their seeds 
contained in an ovary, and fertilized bv the action of the pollen on a 
stigma. It is the Apetalous division of Endlicher’s Aeramphibrya. 

982. Order 144. — NyHagiiiaotw, the Marvel of Peru Family. {A pet 
j.) Perianth tubular, coloured, contracted in the middle, be- 
coming indurated at the base (fig. 682) ; limb entire, or toothed and 
deciduous; aestivation plicate (fig. 681). Stamens definite, hypogy- 
nous (fig. 682 c ) ; anthers dithecal (fig. 683). Ovary superior, 1- 
celled ; ovule solitary, erect ; style 1 ; stigma 1 (figs. 082, 684). 

* Move;, one, and a cloak or covering, 

t " Ayyof, a vessel, and a seed. 
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Fruit a earyopsis, enclosed within the enlarged persistent tube of the 
perianth (figs. 441, 685, 686). Embryo peripherieal (figs. 522, 686 e); 
albumen farinaceous ; cotyledons Ibliaceous ; radicle inferior (figs. 
686, 687). — Herbs, shrubs, or trees, with opposite, often unequal, 
sometimes alternate leaves, and involucrate flowers (figs. 681, 682). 



They are natives principally of warm regions. Lindley notices 14 
genera, including 100 species. Example * — Mirabilis (Nyetago), Boer- 
h aavia, Pisonia. 

988. The plants of the order have in general purgative qualities. 
Mirabilis Jala pa was at one time considered the Jalap- plant, in place 


Figs. 681 -687 . — Organs of fructification of Mirabilis Jalapa, illustrating the natural order 
Nyctaginaceie. 

Fig. 681. — Diagram of the flower, with an imbricated involucre, five divisions of the perianth, 
five alternate stamens, and a unilocular ovary. 

Fig. 682.— Lower part of the flower cut vertically, i, Involucre, c, Case of the perianth, 
green and swollen around the ovary, t, Part of its coloured tube, <•, Lower part of the filaments. 
Sf Part of the style, o, < >vary with its erect ovule. 

Fig. 68:1.— Stamens with convex swelling at the base of tbe filaments. 

Fig. 684. — Style and stigma. 

Fig. 685. — Fruit enclosed by the persistent and indurated has** of the perianth. 

Fig. 686. —The same cut vertically, i, Involucre, r, Perianth, /, Pericarp. p } Peri sperm. 
«, Curved peripherieal embryo, surrounding munlv albumen. 

Fig. 687.— Horizontal section of the fruit, r, Perianth, t, Integument of the seed with the 
pericarp, p , Pcrisperm. r, liadicle. co, Cotyledons. 
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of Exocfonium Purya , one of the (unvolvulaceax M. dichotoma is the 
Marvel of Pern, which is commonly cultivated in gardens. It is 
called in the AVest Indies “ four-o’clock flower,” on account of opening 
its blossoms at that hour in the afternoon. Some of the species of 
Pisonia present a peculiar arrangement of the vascular bundles of the 
woody stem, which resembles in appearance that of Endogens. 

9H4-. Order 1 to. — tniarantlianw, the Amaranth Family. (. Apet . 
Ut/poy.) Perianth 8- 5 -partite, hypogynous, scarious, persistent, 
usually with two bract lets at the base. Stamens hypogynous, either 
5 and opposite the segments of the perianth, or double that number, 
distinct, or united, sometimes partly abortive ; anthers either ditlie- 
cal or monothecal. Ovary superior, single, 1 -celled ; ovules solitary 
or several, amphitropal, hanging from a. free central funiculus; style 
J or 0; stigma simple or compound. Fruit a utricle or a caryopsis, 
rarely baccate. Seeds lcnfiibnn, pendulous; testa crustaeeo us ; em- 
bryo peripheries!; albumen farinaceous; radicle next the hilum. — 
Herbs and shrubs, with simple, opposite, or alternate ex stipulate 
leaves; (lowers in heads or spikes, usually hermaphrodite. They are, 
natives of tropical and temperate regions. There are 88 known genera, 
and 282 species. Examples — Amarantlms, Aehyranthes, Celosia, 
Deeringia, Gomphrena. 

9 ft/). The plants are principally mucilaginous and demulcent. Many 
of them are known in eulti vat ion, such as A maranthus /iffpochotidriacHs, 
Prineek-ihatluT ; A. caudatns, Love-lies- bleeding ; ( \ Instil cristata , 
Cockscomb; Gomphrena f/lnbosa, Globe amaranth. Amarantkns Blit urn , 
A. oleraevns, or Chusan llan-tsi, and other species, are used as pot- 
herbs. In the Cockscomb, the (lowers form a peculiar crest at the 
apex of flattened or lasciated peduncles (fig. 280). 

980. Order 14(5. — ('Iiriiopodaacca*, the Goosefoot Family. (Apet. 
Pcriy/pt >. and / ////>-' >//////. ) lVriantli deeply divided, sometimes tubular 
at the base, persistent, v.ithout brads; aestivation imbricate. Stamens 
inserted into the base* ol the* perianth or hypogynous, opposite to its 
segments, and equal to them in number, or fewer (fig. (544). Ovary 
single', superior, or sometimes cohering to the tube of the perianth, 

1 -celled ; ovule solitary, attached to the base of the cell; style 2-4- 
divided ; stigmas simple. Fruit membranous, indehi scent, enclosed in 
the calyx, sometimes fleshy. Seed erect orrosupinate; embryo curved 
round farinaceous albumen, often like a horse-shoe, or spiral, or doubled 
together without albumen ; radicle next the hilum. — Herbs or under- 
shrubs, with alternate, sometimes opposite, cxstipulnte leaves, and 
hermaphrodite or unisexual flowers. They are found in almost all 
parts of the world, but do not abound in the tropics. Most of the 
plants are inconspicuous weeds. There are 07 known genera, and 
372 species. Examples — Chenopodiurn, Salicornia, Sulsola, Atriplex, 
Beta, Basella. 
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987. Many of the plants of tins order arc used as esculent potherbs, 
such as Spiuacia olerucea , Spillage, iicfrt vulgaris, Beet, and var. ram- 
pesiris, Field Beet or Mangold Wurzel, A triplex Aerfc/ww, Garden Orach, 
Cheuopodnnu Points J Jen virus , English Mercury. The seeds of Cheno- 
podium (luiuoa are used as food in Peru, under the name of petty 
rice. The plant grows at. a great elevation. Its leaves are used for 
spinage. They contain much starch and oil, combined villi a hitter 
substance, which appears to reside in the integuments. Many of tlie 
plants grow in salt marshes, and are called Halophytes (dXg, salt, 
and pure v, a plant). They yield a (juantity of soda. Among them 
may be einunerated species of Salicoi’itia, Salsnla , Jlalimocnemis, and 
Koch in. Beet-root yields a quantity of sugar. Ambtina anth.rl- 
mintica yields a volatile oil, which is used in the. cure of worms. 
Some of the Cheuopodiums have a very fetid odour. The genus Afrk 
pkx has polygamous J lowers, and was placed by Limueus in his class 
Polygamia. Salradora pcrsica, the true Mustard-tree, aivr^i or aimm 
of Scripture, has been referred to this order. Bindley considers it 
the t\pe of a new order in his Ecliial alliance. The tret 1 grows in 
Syria, and it has been, found in Ceylon. Its root is acrid. Its succu- 
lent fruit has the taste of cresses, and its seeds are very small. 

988. Order 117. — Pliyiolaeraecw, the Phytolacca Family. ( Apet 
Perigt/n.) Perianth 4- 5 -partite,. Stamens usually perigynous, inde- 
finite, or equal to the segments of the periauth, and alternate with 
them. Ovary of ‘i or several carpels, distinct or combined; ovule 1 
in each carpel, ascending or erect ; styles equal to the carpels in number, 
terminal or lateral; stigmas simple or divided. Fruit fleshy and dry, 
indehiseent, sometimes samaroid. Seeds solitary, erect or ascending ; 
embryo straight or curved; albumen mealy or 0; radicle next the 
hiluni. — Undershrubs or herbs, with alternate, entire leaves, which 
are often dotted. They are natives both of tropical and warm coun- 
tries, and are found in America, Asia, and Africa.. The order has 
been divided into two suborders: — 1. Phytolaccea 1 , witli ascending 
seeds, embryo curved round mealy albumen, and exstipulate leaves. 
2. PeUveriea*, with an erect seed, exalbuminous straight embryo, and 
stipulate leaves. There, are 12 known genera, including about 70 
species. Examples — Phytolacca, Bivina, Petiveria. 

989. There is frequently much acridity in the plants of this order, 
and some of the plants act as irritant emetics and purgatives. The 
succulent fruit of Phgtolarra decaudra , common Poke, yields a red 
juice. It has been used as a remedy in eases of chronic syphilitic 
pains, and it possesses also emetic and purgative, qualities. The plant 
is said to yield much potash. Petiveria alliacea is the Guinea-hen- 
weed, so called on account of these animals being fond of it. 

990. Order 148. — Polygouaceix*, the Buckwheat Family. (Apct. 
Etfpog . and Periggn.) Perianth interior (tig. 688 c c), divided, often 
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coloured; aestivation imbricate (fig. 089). Stamens definite, inserted 
into tlie bottom of the perianth (tig. f>S8 ee, e i ) ; anthers with longi- 
tudinal dehiscence. Ovary free (fig. (>S8 n), usually formed by o car- 
pels, unilocular; ovule solitary, orthotropal (fig. 418); styles and 
stigmas equal to the. carpels in number (fig. 088 s). Fniit a nut, usually 
triangular, nuked or covered by the persistent perianth (fig. 271). 
Seed erect; albumen farinaceous : embryo anti tropal, generally on one 
side (fig. 090) sometimes in the axis of the albumen ; radicle superior 



(lig. 090). — Herbaceous, rarely shrubby plants, with alternate, stipu- 
late, or exstipulate leaves, and often unisexual (hovers. They are 
found in almost all parts of the world, more especially in the tem- 
perate regions of the northern hemisphere. They grow in fields, waste- 
grounds, ditches, mountains, Szc. The order has been divided into 
two tribes: — 1. Tolygonea*, with loose flowers, embryo usually abaxial 
(fig. 521), oohreate stipules (fig. E‘52). 2. Eriogonete, with involu- 

crate flowers, embryo axial, leaves generally exstipulate. Lindley 
enumerates 29 genem, including 490 species. Examples — Polygonum, 
Uumox, Phe/uni, Eriogonum. 

991. The plants of this order have astringent and acid properties; 
some of them are purgative, and a few are acrid. Their astringently 
depends on the. presence of tannin, and their acidity chiefly on oxalic 
acid. The root of Pnlt/gonmn Biztorta, Bistort, so called on account of 
its double twist, contains much tannin, some gallic acid and starch, and 
is a powerful astringent. The leaves of P. Ht phut pi per, Water-pepper, 
are acrid and vesicant. P. tincloriuin yields a him* dye. The fruit of 
P. avicu lure is emetic and purgative. The fruit ol' Fayopj/rtim, csculen- 
tum , and other species of Buckwheat, is used as food. The plant is 

Pig. GS8-G90.— Organs of fructification of Fagopyrum esculcntum (Polygonum Fagopyrum;, 
to illustrate tlio natural order PolygonacoiU. 

Fig. G88. — Vertical section of the flower. cc t Perianth, c e, Outer stamens, which are in- 
tror.se. e i, Inner stamens, which are extrorsc. a, Glandular appendages. o t Ovary with its 
erect ovule, g. s, Styles and stigmas. 

Fig. G89. — Diagram of the flower, showing five divisions of the imbricate perianth, stamena 
opposite tlu* divisions, with glands and triangular unilocular ovary. 

Fig. 090. — Seed cut vertically, showing the embryo with its superior radiclo curved at one 
Bide of mealy albumen. 
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cultivated in some northern countries. The leaves of Oxalis AcetoseMa, 
Wood Sorrel, are acid. Their acidity depends on the presence of bin- 
oxalate of potass, upwards of two ounces of which may be procured 
from twenty pounds of the leaves. The plant has been used as a 
refrigerant and antiscorbutic. The leaves of Rumex Acetosa , Common 
Sorrel, and of R, Acetosella , Field Sorrel, are acid and astringent. The 
roots of Rumex aquations , Water Dock, R. Uydrolapathum , Great Water 
Dock, and of other species, are used as astringents and alteratives, 
while those of R. afpinus , under the name of Monk’s-rhubarb, were for- 
merly employed as purgatives. One of the most important plants of 
the order is the Rhubarb-plant. The officinal rhubarb is the root of 
an undetermined species of Rheum. The extent of country from 
which rhubarb of one kind or another is actually collected, according to 
Christison, stretches from Ludak, in 77^° cast longitude, to the Chinese 
province of Shen-si, 29° farther east, and from the Sue-chan moun- 
tains, in north latitude 2(1°, nearly to the frontiers of Siberia, 24° 
northward. The best rhubarb is said to come from the very heart of 
Thibet, within 95° east longitude, and 35° north latitude, five or six 
hundred miles north of Assam. The following are the species of 
Rheum said to yield rhubarb : — 

1 . Rheum palmatum , L. This has perhaps the best title to be considered the true 

rhubarb-plant. 

2. Rheum, undulatum , L., which yields much of the French rhubarb. 

3. Rheum compactum , L. Another species yielding French rhubarb, and often culfi- 

vated in Britain for its acid petioles, / 

4. Rheum Emodi , Wall. This species yields a kind of Himalayan rhubarb. '! Its 

petioles are used for their acid properties. » 

o. Rheum rhaponticum , L. Used in France and Britain in the same way a s the third 
species. 

6. Rheum hybndnm , Murr. Much cultivated in Germany for its root, and in Britain 

for its stalks. 

7. Rheum Weljbianum, Boyle. A Himalayan species. 

8. Rheum $piciforme t Boyle. Another Himalayan species. 

9. Rheum Moor cr optimum , Boyle. Another Himalayan species. 

10. Rheum crassinervium , Fisch. A Russian species. 

11. Rheum leucorhizum, Pall. A Siberian and Altai species, said to yield imperial 

or white rhubarb. 

12. Rheum Caspicum t Fisch. A Caspian and Altai species. 

13. Rheum Ribes , L. An Afghanistan and Persian species. 

All these species grow in the cold parts of the world, as on the Altai 
mountains, in Siberia, Thibet, North of China, and on the Himalayan 
range. The rhubarb procured from one or more of these species, is 
known in commerce under the names of Russian or Turkey, Chinese or 
East Indian, and English rhubarb. Rhubarb contains raphides of oxa- 
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late of lime (% 18), along with tannin, gallic acid, resin, and a peculiar 
yellow-coloured principle called ihabarberin, which seems to be identi- 
cal with chrysophanic acid. Kaphides form from 35 to 40 per cent, of 
Turkey rhubarb, and give rise to its grittiness. These crystals are 
less abundant in the other varieties of rhubarb, Khubarb is employed 
medicinally as a cathartic, astringent, and tonic, in the form of powder, 
pill, extract, tincture, wine, and infusion. Concotoba vvifern , Sea-side- 
grape, so called from the appearance of its fruit, yields an astringent 
substance, called Jamaica Kino. 

992, Order 149. — Begouiacen*, the Begonia Family. (A pet. Didin.) 
Flowers unisexual. Perianth coloured, having usually 4 divisions in 
the male flowers, and 5 or 8 in the female, some being smaller than 
others; aestivation imbricate. Stamens 00, distinct, or united into a solid 
column; anthers collected in a head, ditheca], with a thick connective, 
and longitudinal dehiscence. Ovary adherent, to the tube of the 
perianth, winged, 3-celied, with three placentas meeting in the axis ; 
ovules 00, anatropal ; stigmas 3, sessile, 2-lobed, somewhat spirally 
twisted. Fruit a membranous, triangular, winged capsule, dehiscing 
below in a loeulieidal maimer. Seeds 00, minute ; testa thin and re- 
ticulated; albumen 0; embryo oblong; radicle next the hilum. — 
Semi-succulent herbaceous plants and underslirubs, with alternate 
oblique leaves, having large scarious stipules. They arc sometimes 
called Elephant’s -ear, from the form of the leaves. They are natives 
of warm countries, as the East and West. Indies, and South America. 
The stomata on the lower side of the leaves of many of the species of 
Begonia are arranged in clusters, and exhibit a beautiful appeiiranoe 
under the microscope. Their leaves and young stems are acid, and have 
been used for tarts. Their roots are astringent and slightly bitter. 
Begonia obliqua is said to have purgative roots, and it is sometimes 
called wild rhubarb. There are 3 genera, and 159 known species. 
Example — Begonia. 

993. Order 150. — I*miraeeas the Laurel Family. (A pet Perigyn.) 
Perianth with 4 or 0 divisions, which are usually in 2 rows (figs. 
(591, 092), the limb sometimes obsolete; activation imbricate (fig. 692). 
Stamens porigynous, definite, often twice as many as the divisions of 
the perianth, and arranged usually in two rows ; those of the inner 
row (often three) being frequently sterile (staminodia), (fig. 693 es), 
while those of the outer (often six in number) are fertile (figs. 692, 
693 ef); if the inner stamens are fertile, they are extrorse, while the 
outer are introrse ; filaments of the inner row often with glands at 
their base (figs, 325, 094 g ) ; anthers 2-4-celled, cells opening by 
longitudinal valves (figs. 325, 095). Ovary superior, unilocular (fig. 
693 o); ovule solitary, pendulous (fig. 693); style simple ; stigma ob- 
tuse (fig. 693 s). Fruit baccate or drupaceous, naked, or covered by the 
enlarged perianth (fig. 696) ; peduncle of the fruit sometimes becom- 
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ing fleshy. Seed solitary, pendulous ; albumen 0 ; embryo inverted 
(fig. G97 e); cotyledons large, plano-convex, peltate near the base; 



radicle very short, superior; plumule conspicuous. — Trees, with 
oxstipulate, alternate, rarely opposite leaves ; sometimes twining, para- 
sitic, and leafless herbs or uiiderslirubs. They are natives chiefly of 
the tropical regions of Asia and America. Few are found in Africa. 
The order has been divided into two suborders: — 1. Laurea*, true 
Laurels, trees with leaves. 2. Cassythca*, Dodder-laurels, climbing 
parasitic plants without loaves. There are 47 known genera, and 
•459 species. Examples — Laurus, Ciimamomum, Persca, Nectandra, 
Tetranthera, (Jassy tha. 

994. The plants of this order are in general aromatic and fragrant. 
Many of them yield volatile and fixed oils, others furnish camphor, 
and others have bitter and tonic barks. Some supply useful timber. 


Figs, 691-097. — Organs of fructification of Ciimamomum zeylauicuni (Laurus Cinnamomum), 
to illustrate the natural order Lanracem. 

Fig. 691. — Flower entire, with 6-div fried perianth. 

Fig. 692. — T)iagram of the flower, with six imbricate divisions of the perianth ; stamens in two 
rows, the outer six introrse, the inner three extrorse; glandular disk, and unilocular ovary. 

Fig. 693. — The flower cut vertically, o, The perianth. «/, Fertile outer stamens with valvu- 
lar introrse dehiscence, e Sterile inner stamens with glandular bodies, o, Monothecal ovary 
with pendulous ovule, s, Style, and obtuse stigma. 

Fig. 694. — Staiuen separated. J\ Filament, with two glandular bodies, <jg, at its base, a, An- 
ther with valves. , , , , _ 

Fig. 695. — Anther viewed separately, showing its inode of dehiscence from below upwards by 
four longitudinal valves. . . 

Fig. 696. — Fruit, which is succulent and partially enclosed in the persistent perianth. 

Fig. 697. — The fruit deprived of the perianth, and cut vertically, p, Fericarp. t, Integument 
of the seed, e, Embryo. 
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Laurus nobilis is the Victor’s-laurel, the leaves of which were used to 
crown the conquerors in battle, and in the Olympic games. It is pro- 
bably the twin of the Bible. It is often called Sweet-bay, and is quite 
distinct from the common Bay, or Cherry-laurel (Cerasus Laurocerasus), 
both as regards structure and properties. It does not yield any hydro- 
cyanic acid. The leaves and fruit are used medicinally as aromatic 
stimulants. The leaves contain a volatile oil, and the dark-coloured 
fruit yields, by expression, an odoriferous concrete oil of a green 
colour, called Oil of Bays. Camphor a ojfficmarum ( Laurus Camphora ), 
a native of China, Japan, and Cochin-China, is the Camphor-tree. 
Many plants supply a kind of camphor, but the common camphor of 
the shops is the produce chiefly of this tree. All parts of the tree 
supply it, but it is obtained principally from the wood by distillation 
and subsequent sublimation. It is used in medicine as a sedative anti- 
spasmodic, in the form of mixture and tincture. The Borneo camphor 
has been noticed under the natural order Dipterocarpacese (If 7811). 
Sassafras officinale (Laurus Sassafras ), is an American tree, the root, 
wood, and iiowers of which have been used in medicine. The root is 
prescribed in Britain as a warm aromatic stimulant and diaphoretic. 
It contains a volatile oil. Cinnmnomum zejflanicum (Laurus Cinnamo - 
mum ), is the true Cinnamon -tree, which is extensively cultivated in 
Ceylon. The tree attains the height, of 30 feet. The bark of the 
tree constitutes the cinnamon of commerce, the Jmp of the Bible. 
The young twigs furnish the best cinnamon. The bark yields by dis- 
tillation an oil, which is at first of a yellow colour, but soon assumes 
a reddish hue. The ripe fruit yields a concrete oil called cinnamon- 
suet. The root yields camphor. Cinnamon is administered as a tonic, 
stomachic, and carminative. The average importation of cinnamon 
into London is estimated at 500,000 pounds. The leaves of the 
cinnamon-tree are more or less acuminated ; they have three principal 
ribs, which come into contact at its base, but do not unite ; its young 
twigs arc not downy, and its leaves have the taste of cloves. Cinna- 
momum Cassia or aromaticum (J jaurus Cassia), seems to be tbe chief 
source of the Cassia lignca, or Cassia-bark of commerce, the rnp of 
the Bible. It differs from the true cinnamon in many particulars. 
Its leaves are oblong-lanceolate ; they have three ribs, which coalesce 
into one at the base ; its young twigs are downy, and its leaves have 
the taste of cimiamon. There is a fine specimen of the plant about 
twenty feet high in the Edinburgh Botanical Garden, which bears flowers 
regularly every year, and occasionally has produced fruit. Cassia- 
bark is imported from Canton through Singapore. It yields a yellow 
volatile oil called Oil of Cassia. Both the bark and oil are administered 
as aromatic stimulants. It is probable that Cassia buds, which con- 
sist of the flower-bud (perianth and ovaiy), are the produce of the 
Cassia-bark tree. They are used chiefly in confectionery, and they 
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have the flavour and pungency of Cassia. Malabar Cassia appears to 
be the prodtice of another species of Cinnamomum, perhaps C. eucalyp - 
toides. Nectandra Rodiad, a large tree found in British Guiana, yields 
a bark known as the Bcbceru-bark. The wood of the tree is im- 
ported for ship-building, under the name of Green-heart. The bark 
was used by I)r. Itodie, who detected the existence of an alkaloid 
called Bebeerina. Dr. Douglas Maclagan obtained it pure, and found 
along with it another alkaloid called Sipeerina. Sulphate of Bebeerina 
is used as an antiperiodic. The cotyledons of the seed contain much 
starch, and are used for food. Persea gratissima {Laurus Persea) yields 
a pear-shaped succulent fruit called Avocado or Alligator-pear, or 
SubalternVbutter. It contains a fixed oil. The clove nutmegs of 
Madagascar are produced by Agathophyllum aromaticum , and Brazilian 
nutmegs are the produce of Cryptocarya moschata . Benzoin odorifcnim 
is the Spice- wood or Fever-bush of North America. 

995. Order 151. — Myrlsticaeeir, the Nutmeg Family. {A pet Di- 
din.) Flowers unisexual. Perianth trifid, rarely quadrifid, in the 
female deciduous; aestivation valvate. Stamens 5-12 ; filaments com- 
bined into a cylinder; anthers united or distinct, ditliecal, cxtrorse, 
dehiscing longitudinally. Ovary free, composed of one or more carpels, 
unilocular ; ovule solitary, erect, anatropal ; style very short ; stigma 
somewhat lobcd. Fruit succulent, 1 -celled, 2-valved. Seed solitary, 
usually covered by a hiciniated arillus ; embryo small, orthotropal, at 
the base of ruminate albumen ; cotyledons foliaceous ; radicle inferior. 
— Trees with alternate, exstipulate, entire, not dotted leaves. Natives 
of the tropical regions of Asia and America. There are 5 known 
genera, and between 30 and 40 species. Exctmple — Myristica. 

996. Acridity and aromatic fragrance are the properties of the 
order. The most important plant is Myristica officinalis (M. moschata 
or aromatica ), a tree attaining a height of thirty feet, found in the 
Moluccas, and cultivated in many tropical countries. The fruit is 
drupaceous, and opens by two valves when ripe, displaying the beau- 
tiful reticulated scarlet arillus, which constitutes mace. Within this 
is a thin, hard, dark-brown, glossy shell, covering the kernel, which is 
the nutmeg of the shops. It is said that a single tree will yield on an 
average about six pounds of nutmegs. By expression they are made 
to yield a concrete oil called Adeps Myristica, or sometimes errone- 
ously oil of mace. A volatile oil is also procured by distillation. 
Mace is an arillode or additional covering of the seed commencing at 
the exostome (^f 581). It lias a fine crimson hue, and yields a fatty 
matter and volatile oil, resembling those of the nutmeg. Nutmeg and 
mace are used medicinally as aromatic stimulants and condiments. In 
large doses they have a narcotic effect. The fleshy part of the fruit is 
used as a preserve. The kernels of Myristica tomentosa are also used 
as aromatics, under the name of wild or male nutmegs. The bark of 
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many plants of the order yields an acrid juice, which is sometimes of 
a crimson colour. A red pigment is furnished by PyrrhoSa tingens. 

097. Order 152. — Proteacews the Protea FamiJy. (Apet. Perigyn.) 
Perianth more or less deeply 4 -divided ; aestivation valvate. Stamens 
perigynous, 4 (1 sometimes sterile), opposite the segments of the peri- 
anth ; anthers dithecal, with longitudinal dehiscence. Ovary single, 
superior, unilocular ; ovules single or in pairs, anatropal or amphitro- 
pal ; style simple; stigma undivided, discoid. Fruit dehiscent or in- 
dehiscent. Seed oxallmminous, sometimes winged ; embryo straight ; 
cotyledons 2 or more ; radicle inferior, next the hiluiri. — Shrubs or 
small trees, with hard, dry, opposite or alternate, exstipulate leaves. 
They are natives principally of Australia and the Cape of Good Hope. 
The order has been divided into two sections: — 1. Nucumentaceo?, 
with micuirientaceous indehiscent fruit. 2. Folliculares, will i follicular 
dehiscent fruit. Lindley mentions 41 genera,, including 650 species. 
Examples — Protea, Persoonia, Grevillea, llakea, Banksia, Dryandra. 

998. The plants of this order have no medicinal properties of im- 
portance. They present great diversity of appearance, hence the name 
of the order, and they are cultivated for their handsome habit, and 
the peculiarity of their flowers. The clustered cone-like heads of the 
flowers of Banksia ,> have a remarkable appearance. In Grevillea the 
style is at first bent downwards, and the discoid stigma is enclosed within 
the upper part of the perianth, where the anthers are placed ; but 
after the pollen lias been scattered, the stigma is emancipated, and the 
style rises upwards. The fruit and seeds of a few plants of the order 
are oaten, and the wood is used for economical purposes. Guevina 
Avellana yields nuts, which arc sold in Chili under the name Avcllano. 
Protea. me I lifer a is called Sugar-bush, on account of the honey fur- 
nished by its flowers. J jCncadendron argent earn is the Witteboom of 
the Cape. 

999. Order 153. — ElwagnAceue, the Oleaster Family. {Apet, Diclin. 
and Perigyn.) Flowers usually unisexual, rarely hermaphrodite. 
Male flowers amentaceous, with 2-4 leaves forming the perianth ; 
stamens 3, 4, or 8; anthers nearly sessile, dithecal, introrse, and 
dehiscing longitudinally. In the female and hermaphrodite flowers, 
perianth tubular, persistent, with an entire or 2-4-toothed limb. Disk 
fleshy. Ovary superior, 1 -celled; ovule solitary, ascending, on a 
short funiculus, anatropal ; style short ; stigma simple, subulate, glan- 
dular. Fruit a crustaceous aehamium, enclosed within the enlarged 
succulent perianth. Seed ascending ; embryo straight, surrounded by 
thin fleshy albumen; cotyledons fleshy; radicle inferior. — Trees or 
shrubs, with alternate or opposite, entire, exstipulate leaves, which arc 
often covered with scurfy scales (fig. 83). They are found in all parts 
of the northern hemisphere. They have no marked medicinal pro- 
perties. The fruit of some is eaten. Ilippophae rhamnoides , Sea 
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Buckthorn, is furnished with sharp spines, and forms a good hedge 
near the sea. Its fruit is eaten, although it is said by some to have 
narcotic qualities. The plant yields a yellow dye. The fruit of 
Ehmgnus jntrvi folia is eaten. There are 4 known genera,, and 80 
species. Examples — Elscagnus, llippophae. 

1000. Order 154. — Penwacesp, the Sarcocol Family. (ApctPerigyn.) 
Perianth coloured, salver-shaped, with a 4-lobed limb, and with two 
or more bracts at its base, persistent. Stamens perigynous, either 4 
or 8, alternate with the lobes of the perianth ; anthers dithecal, introrse. 
Ovary superior, 4-celled ; ovules usually in pairs, collateral, anatropal, 
ascending or suspended ; style simple ; stigmas 4. Fruit a 4-celled, 
4-valved capsule. Seed erect or pendulous ; testa brittle ; hilum 
with a fungus -like aril ; nucleus a fleshy mass, without distinction of 
albumen or embryo. — Shrubs, with opposite, entire, exstipulate leaves. 
They are found at the Cape of Good Hope. They have no known 
properties of importance. The gum-resin called Sarcocol is said to be 
produced on the perianth of Penan Sarcocolla, and other species. 
There are two sections of this order : — 1. Pomeea*, aestivation valvate, 
stamens 4, connective fleshy, ovules ascending. 2. (Tcissolomese, acti- 
vation imbricate, stamens 8, connective not fleshy, ovules suspended. 
There arc 8 known genera, and 21 species. Examples — Pcn&a, Geis- 
solorna. 

1001. Order 155. — Thynicltracea*, the Daphne Family. (Apet. 
Perigyu.) Perianth tubular, coloured, 4- rarely 5-cleft, inferior ; 
occasionally with scales in its orifice ; aestivation imbricate. Stamens 
perigynous, definite, often 8, sometimes 4 or 2 and then opposite the 
segments of the perianth ; anthers dithecal, with longitudinal dehis- 
cence. Ovary free, 1 -celled; ovule suspended, anatropal (fig. 426); 
style 1 ; stigma, undivided. Fruit either nut-like or drupaceous. 
Seed solitary, pendulous; albumen 0, or thin and fleshy; embryo 
straight ; cotyledons plano-convex, or somewhat lobed and shrivelled; 
radicle superior. — Shrubby, rarely herbaceous plants, Avith alternate, 
or opposite, entire, exstipulate leaves. Natives of various parts of the 
world, both iu warm and temperate regions. There are tAvo sections 
of the order : — 1. Daphne®, with hermaphrodite or rarely unisexual 
flowers, and plano-convex cotyledons. 2. Hernandiea?, with poly- 
gamous flowers, and lobed and shrivelled cotyledons. Bindley enu- 
merates 38 genera, including 300 species. Examples — Daphne 
(Thymekea), Passerina, Pimelea, Gnidia, Lagetta, Exocarpus, Hernan- 
dia, Inocarpus. 

1002. The bark of many of the plants is acrid and irritant, the 
fruit is often narcotic. The bark of the root, as avcII as that of the 
branches of Daphne Mezeremn , Mezereon, is used in decoction as a 
diaphoretic in cutaneous and syphilitic affections. In large doses it 
acts as an irritant poison, causing hypercatharsis ; and, when applied 
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externally, it acts as a vesicant. It contains a neutral crystalline 
principle called Daphnein. The succulent fruit is also poisonous. The 
barks of Daphne Gnidium , D, alpina , D, Cneorum , D. pontiea , and I). 
Laureola , Spurge-laurel, have similar properties. The fruit of I>/rca 
palustris , Leather-wood, is said to be narcotic. The bark of many of 
the plants is made into ropes and paper (fig. 101). The inner bark of 
Lagetta Urticaria {Daphne Lagctta ), when cut into thin pieces after 
maceration, assumes a beautiful net-like appearance, whence it has 
received the name of Lace-bark. The bark, young leaves, and seed 
of Hemandia , tire slightly purgative. The seeds of Inocarpns edulis 
have the taste of chestnuts, and are eaten when roasted. 

1003. Order 156. — A<|iillarlAee»s the Aquilaria Family. {Apet, 

Perigyn.) Perianth coriaceous, imbricate or tubular, limb 4-5-lobed ; 
aestivation imbricate. Stamens usually 10 fertile, alternating with 10 
sterile, in the form of pctaloid scales, sometimes 8 or 5 ; filaments in- 
serted into the orifice of the perianth, often united ; anthers dithecal, 
with longitudinal dehiscence. Ovary free, ovate, compressed, 2-celled ; 
ovules 2, suspended, anatropal ; stigma usually sessile, large and sim- 
ple. Fruit a pyriform, sessile, or stipitate 2-valved capsule, or drupa- 
ceous and indehiscent. Seeds 2, one on each placenta, pendulous; 
albumen 0 ; cotyledons fleshy, hemispherical ; radicle straight, superior. 
— Trees, with alternate or opposite, entire, stalked, and exstipulate 
leaves. They are natives of the tropical regions of Asia. They have 
no known medical properties. Aquilaria ovata and Agallochm fur- 
nish a fragrant wood called Eagle- wood, or Aloes- wood. It is pro- 
bably the the trees of Aloes or Lign- Aloes, of the Bible, yield- 

ing an aromatic perfume. There are 6 genera noticed, including 1 0 
species. Examples — Aquilaria, Gyrinopsis. 

1004. Order 157. — Cliailletiaceas the Chailletia Family. {Apet, 
Perigyn .) Perianth 5-parted, with an incurved valvate aestivation. Sta- 
mens inserted into the base of the perianth, 5 inner fertile opposite the 
segments of the perianth, 5 outer sterile, petaloid, usually with glands 
at their base ; anthers ovate, versatile, dithecal. Ovary free, 2- 8- 
celled; ovules twin, pendulous; styles 2-3, distinct or combined; 
stigmas capitate or obscurely 2-lobed. Fruit dry, 1- 2- or 3 -celled. 
Seeds solitary, pendulous, exalbuminous ; embryo thick; cotyledons 
fleshy; radicle superior. — Trees or shrubs, with alternate, stipulate 
leaves, and axillary peduncles, often cohering to the petiole. They 
are natives of the warm parts of Africa and South America. The 
fruit of Chailletia toxicana is said to be poisonous. There are 4 genera, 
and 10 species known. Examples — Chailletia, Tapura. 

1005. Order 158. — ^amydocew, the Sarnyda Family. {Apet, Peri- 
gyn,) Perianth 4-5-divided, usually coloured inside ; aestivation some- 
what imbricate. Stamens inserted into the tube of the perianth, 
2, 3, or 4 times as many as its divisions, either all fertile, or the alter- 
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nate ones sterile, shorter and fringed ; filaments monadclphons at the 
base; anthers erect, ovate, 2-celled. Ovary free, 1 -celled; ovules 
00, attached to parietal placentas, scmi-anatropal ; style 1, filiform ; 
stigma capitate or slightly lobed. Fruit a coriaceous, unilocular, 3-5- 
valved capsule, partially dehiscent. Seeds 00, fixed irregularly on the 
pulpy inner surface of the valves, with a fleshy arillus, and a hollowed 
hilum ; embryo large, in the midst of oily or lleshy albumen ; cotyle- 
dons ovate, foliaceous; radicle pointing to the extremity remote from 
the hilum. — Trees or shrubs, with alternate, simple, stipulate leaves, 
usually having pellucid, round, or linear markings. Natives of tropi- 
cal regions, chiefly in America. Some of the species of Casearia are 
bitter and astringent. There are 5 known genera, and 80 species. 
Examples — Sarny da, Casearia. 

1000. Order 159. — Ilomaliareir, the Ilomalia Family. (Apet. 
Perigyn.) Perianth funnel-shaped, with 5 to 15 divisions, and having 
usually alternating petaloid segments, and glands or scales in front of 
the outer divisions. Stamens pcrigynous, either single or in parcels of 
3 or 6, alternating with the outer divisions of the perianth ; anthers 
dithecal, with longitudinal dehiscence. Ovary partly adherent to the 
tube of the perianth, 1 -celled ; ovules numerous, anatropal, pendulous, 
attached to 2, 3, or 5 parietal placentas ; styles 3-5, simple, filiform, 
or subulate. Fruit either baccate or capsular. Seeds small, ovate ; 
embryo in the axis of fleshy albumen ; cotyledons leafy ; radicle 
superior. — Trees or shrubs with alternate leaves, having deciduous 
stipules. Many look upon the petaloid division of the perianth its 
true petals. Lindlcy puts this order in his Cactal alliance, and con- 
siders it as allied to Loasaceie. It contains tropical plants, which do not 
possess any important properties. Lindlcy mentions 8 genera, includ- 
ing 30 species. Examples — Ilomalium, Nisa. 

1007. Order 1 00. — Santalm-e**, the Sandalwood Family. (Apet. 
Epigyri.) Perianth superior, 4-5 -cleft ; aestivation valvate. Stamens 
4-5, opposite the segments of the perianth, and inserted into their 
bases. Ovary coherent, 1 -celled ; ovules 1-4, pendulous from the apex 
of a central placenta ; style 1 ; stigma often lobed. Fruit nut-like or 
drupaceous. Seed solitary; embryo minute, in the axis of fleshy 
albumen ; radicle superior. — Trees, shrubs, or herbs, with alternate or 
nearly opposite exstipulate leaves. Found in various parts of the 
world, as Europe, Asia, America, and New Holland. Lindley gives 18 
genera, including 110 species. Examples — Santalum, Gsyris, Thesium. 

1008. Some are astringent, others yield fragrant wood. Hantalvrn 
album , and other Indian and Polynesian species, yield Sandalwood, 
which is used both medicinally and as a perfume. The seeds of some 
of the plants of the order are eaten. The species of Thesium seem to 
be root-parasites. The large seeds of Pyrularia okifera , Buffalo-tree, 
or Oil-nut, yield a fixed oil. 
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1009. Order 1G1. — Aristolochlacefle, the Birthwort Family. (Apet. 
fipigyn.) Perianth adherent, tubular, 3-cleft (fig. (>99), regular or 
banetimes very irregular (fig. 698); aestivation valvatc or induplicate. 
Lauxe ns 6-12, epigynous, distinct or gynandrous (fig. 701). Ovary 
‘ r, 3-G-cdled (figs. 700, 702); ovules 00 (fig. 700), anatropal, 



horizontal; style simple, short; stigmas radiating, 3-6 (fig. 701 s). 
Fruit dry or succulent, 3-6-celled (fig. 703). Seeds (fig. 704) numer- 
ous; embryo very minute, at the base of fleshy albumen (fig. 705); 


Figs. 698-706. — Organs of fructification of Aristolochia Clcmatitis, to illustrate tlie natural 
order Ariatolochiaoate. 

Fig. 698. — Flower entire, consisting of an inferior ovary, and a superior, irregular, funnel- 
shaped perianth, o, Part of the perianth adherent to the ovary, t, Part of the tube of the 
perianth, with a swollen portion at the base, enclosing the anthers and stigma. I, Limb of the 
perianth prolonged laterally in a tongue-like form. 

Fig. 699. — Diagram of the flower, showing three divisions of the perianth, six anthers, and 
six cells of the ovary. 

Fig. 700. — Lower part of the flower cut vertically, o, Ovary with numerous ovules, s, Radi- 
ating stigma, a, Anthers, r, Swollen part of the tube of the perianth. 

Fig. 701. — s, Stigma with the anthers adhering to the column in pairs, o, Summit of the 
ovary, c, Swollen part of the tube of the perianth. 

Fig. 702.— Horizontal section of the six-celled ovary. 

Fig, 703. — Ripe fruit. Fig. 704. — Angular seed. 

Fig. 705.— Seed cut vertically, t, Integument thickened near the chalaza. p, Fleshy peri- 
spenu. e, Minute embryo. 

Fig. 706,— Embryo separated, with cotyledons and radicle. 
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cotyledons inconspicuous; radicle next the liilum (fig. 706). — Ilcrbf 
or slirubs, often climbing, with alternate, simple, often stipulat‘d leave/’ 
and solitary axillary flowers. Found in abundance in fx% war 1 5 
regions of South America, and growing also in the temperate ap~ 
cold regions of Europe, Asia, and America. There are 8 known gened 0 
and 180 species. Examples — Asarum, Aristoloeliia. 

1010. The plants of the order are generally bitter, tonic, and stimu- 
lant. Some are acrid, and act as emetics. The leaves of A sarum cnropmnn 
are used as an acrid emetic under the name of Asarabacca. The roots 
appear to have greater activity than the leaves. The powdered root 
and leaves enter into the composition of cephalic; snuffs, which cause 
sneezing by their irritation, and are used in cases of headache and 
ophthalmia. An active* crystalline substance, called Asarin, exists in 
the plant. Asarum canadense , Wild Ginger, or Canada Snake-root, is 
used as a spice in Canada. The shrubby species of Aristoloeliia have 
a peculiar arrangement of vascular bundles in their wood. There are 
no concentric zones, but a number of separable wedges (^[ 90). The 
name of Birth wort, given to Aristolochias, depends on their supposed 
action on the uterus. Some of them are used as emmenagogues. The 
root of Arista lochia scrpcMaria. , Virginian Snake-root, is a stimulant 
tonic. The plant is a. native of the United States. It. was formerly 
used as an antidote to snake-poison. It is now employed occasionally 
as a tonic diaphoretic. Aristoloeliia low fa, rotunda , and Clematitis , were 
celebrated in ancient times as uterine remedies. The roots of many of 
the species have a strong aromatic; taste. Those of Aristoloeliia angui- 
cida are said to stupify snakes. 

1011. Order 162. — -ftepentliarcip, the Pitcher-plant Family. (Apci. 
Diclin.) Flowers dioecious. Perianth 4 -parted, inferior; activation 
imbricated. Male flowers: Stamens united in a solid central column; 
anthers about 16, forming a spherical head, extmrse, and with 
longitudinal dehiscence. Female flowers : Ovary free, four-cornered, 
4-eelled ; ovules 00 ; stigma sessile. Fruit a 4-celled, 4-valvcd 
capsule, with loculicidal dehiscence. Seeds 00, ascending, very 
minute, fusiform, with a loose testa; nucleus less than the seed, sus- 
pended by the chalaza ; embryo in the midst of fleshy albumen; 
cotyledons plano-convex; radicle pointing to the hilum. — Herbs, or 
half-shrubby plants, with alternate leaves, slightly sheathing at the 
base, having a foliaceous petiole, which forms an ascidium at its ex- 
tremity, and the lamina in the form of a lid (fig. 184). Natives of* 
swampy ground in the East Indies and China. They have no known 
properties. The pitchers have been found to contain a solution of 
binoxalate of potash. Some chemists have detected muriate of soda, 
malic, and other acids in them. Spiral vessels abound in all parts of 
the pitcher plants; and the woody bundles arc without concentric 
zones. Lindley gives 1 genus, and 6 species. Example — Nepenthes. 
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1012. Order 103. — Bhizantheir, the Rhizanth or Rhizogen Family. 
(Apet Diclia .) Flowers usually moiwcious or dioecious, sometimes 
$ . Periantli more or less perfect, superior, trimerous, tetramerous or 
pentamerous, sometimes obsolete or 0. Stamens united, often in a 
fleshy column, to which the anthers cohere, di thecal, extrorse, opening 
longitudinally or by pores. Ovary inferior, 1-2 -celled; ovules defi- 
nite or 00. Fruit, indeliiscent, pulpy, usually unilocular. Seeds 
sometimes solitary and pendulous, at other times 00, and attached to 
parietal placentas; embryo albuminous or exalbuminous. — Leafless, 
scaly, parasitic plants, having a fungus-like appearance. They are 
never green, but assume a brown, yellow, or purple colour. They are 
composed chiefly of cellular tissue, with a few scalariform and spiral 
vessels. They are often stemless, and sometimes are furnished with a 
creeping rhizome. Jn their mode of flecay they resemble Fungi. Their 
seeds present a peculiar appearance, resembling spores rather than true 
seeds. The nature of their embryo is undetermined, and their place in 
the natural system is still doubtful. Limlley has placed them in a sepa- 
rate class, intermediate between Th alio gens and Endogens. They have 
been divided by him into three distinct orders : — 1. Balanoph oracea?, 
male flowers pedicellate ; stamens 1-3 ; filaments and anthers both 
united ; ovule solitary, pendulous ; fruit, monospermous. 2. Cytinacese, 
flowers in spikes; perianth 3-6-lobed; anthers sessile on a column, 
dehiscing by slits; ovules 00, attached to parietal placentas; fruit 
polyspermous. 3. Rafflesiaceae, flowers sessile, solitary; perianth 5- 
lobed, with calli in its throat ; anthers attached to a column, dehiscing 
by pores ; ovules 00, attached to parietal placentas ; fruit polyspermous. 
They ar(! natives chiefly of tropical countries, but some extend into 
temperate climates. They are found in the East Indies, South America, 
Cape of Good Hope, and the south of Europe. Lindley enumerates 
21 genera, and 53 species. Examples — Balanophora, Cynomorium, 
Cytinus, Rafflcsia. 

1013. Some of the plants are astringent, and have been employed 
as styptics. Cynomorium coccincum , commonly known as Fungus meli- 
tensis, grows in Malta, and was long celebrated for arresting hsemor- 
rhage. Cytinus is parasitic on the roots of Cistuses in the south of 
Europe. Cytinus hypocistis is said to contain gallic acid. The species 
of Raffiesia a, re gigantic parasites, the perianth being sometimes three 
feet in diameter, and capable of holding twelve pints of fluid. They 
are parasitic on the steins of species of Cissus, as well as on some 
leguminous plants. Ii. Patma is employed in Java as an astringent 
and styptic. 

1014. Order 164. — Datiscaceip, the Datisca Family. (Apet 
Diclin.) Flowers unisexual. Male flowers: Perianth 3-4-divided. 
Stamens 3-7 ; anthers linear, membranous, dithecal, with longitu- 
dinal dehiscence. Female flowers : Perianth adherent, 3-4-toothed. 



493 


EMPETKACEjE — ETJPHORBIACEJS. 1 \ 

Ovary inferior, unilocular; ovules 00, anatropal, attav \d to 3 or 4 
parietal placentas; styles as many as the placentas, k Vt a 1 -celled 
capsule, opening at the apex. Seeds 00, strophiolate, \t,h a reti- 
culated spermoderm ; albumen 0 ; embryo straight ; cotyledons very 
short ; radicle pointing to the hilum. — Herbaceous branched plants or 
trees, with alternate, exstipulate leaves. They are scattered over 
North America, various parts of Asia, and the south-eastern part of 
Europe. Some of the plants are said to be bitter, and others of them 
have purgative qualities. It has been stated that female plants of 
Datisca cannabina have produced seed without the application of pol- 
len. Facts are still wanting to prove this. Lindley mentions 3 
genera, and 4 species. Examples — Datisca, Tetrameles. 

1015. Order 165. — Empetraeeup, the Crowberry Family. ( Apet . 
Dicliri.) Flowers unisexual. Perianth bud-like, consisting of per- 
sistent imbricated scales, in 2 or 4 alternating rows, the inner row 
often petaloid. Male flowers : Stamens 2-3, equal in number to the 
scales in each row, and alternating with the innermost, hypogynous ; 
anthers roundish, dithecal, with longitudinal dehiscence. Female 
flovrers : Ovary free, seated on a fleshy disk, 3- 6- or 9-celled ; ovules 
solitary, anatropal, ascending ; style 1 ; stigma with as many radii as 
there are ovarian cells. Fruit a nuculanium, seated within the per- 
sistent perianth. Seeds solitary in each nucule, ascending ; embryo in 
the axis of fleshy albumen ; radicle inferior. — Heath-like shrubs, with 
alternate or somewhat verticillatc, evergreen, exstipulate leaves. They 
inhabit chiefly Europe and North America. The fruit of some is 
slightly acid. Empetrum nigrum , the black Crowberry, is common on 
the mountainous and northern parts of Europe. The fruit is watery, 
and very slightly acid and astringent. Lindley notices 4 genera, and 
4 species. Examples — Empetrum, Corema. 

1016. Order 166. — Euphorbiaceep, the Spurge Family. ( Diclin .) 
Flowers unisexal, sometimes enclosed within an involucre (fig. 707). 
Perianth lobed, inferior (figs. 314 c, 317 c), with various glandular or 
petaloid, scaly, internal appendages (figs. 314 pa y 405,) ; sometimes the 
flowers are naked (fig. 70S). Male flowers (fig. 707 fin fm): Stamens 
definite or 00, distinct (fig. 708) or monadelphous (fig. 314, 1 ), or poly- 
adelphous (fig. 317); anthers bilocular, sometimes with porous dehis- 
cence (fig. 323). Female flowers (figs. 405, 707 //) : Ovary free, 
sessile or stalked, 1- 2- 3- or many-celied (fig. 709) ; ovules solitary or 
twin, suspended; styles equal in number to the ceils (figs. 314, 2, 
709 s), distinct or combined, sometimes 0 ; stigmas several, or 1 with 
several lobes. Fruit usually tricoccous (figs. 447, 453), with the cocci 
separating in an elastic manner, and opening by 2 valves (figs. 710, 
711), or indehiscent and fleshy. Seeds solitary (fig. 712) or in pairs, 
suspended, often arillate (fig. 453 gg) ; embryo enclosed in fleshy albu- 
men (fig. 483); cotyledons flat (fig. 509); radicle superior (fig. 713). 
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— Trees, shrubs, and herbs, often abounding in acrid milk, with oppo- 
site or alternate, often stipulate leaves, sometimes none. Some look 
on this order as apetaious, with a tendency to develop a corolla, while 
others consider it polypetalous, with a tendency to have the corolla 
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suppressed. In European plants of the order there are usually no 
petals present, but in those of tropical countries the corolla is fre- 
quently well marked, in the Euphorbias of Britain, there is an evi- 
dent involucre, surrounding a number of acldamydeous male and 
female flowers, which by Li imams were looked upon as merely stamens 
and pistils, and lienee the plants were put by him in Dodccandria in 
place of Monmcia (see % 401). Thu flowers in Euphorbiacea? vary 
much in the number of their parts, as may be seen in figs. 545-550. 
Sometimes the general peduncle or racliis becomes flattened and leaf- 
like (tig. 229). The inflorescence is occasionally amentaceous, as in 
the division tfcejxicecr, which is separated, as a distinct but not fully 
defined order, by Lindley. The plants of the order abound in warm 
regions, especially in Equinoctial America, where they occur as trees 
or bushes, or lactescent, herbs, and often present the appearance of 
Cactuses, from which their milky juice at once, distinguishes them. They 
are also found in North America and in Europe. In Britain there are 

Figs. 707-713. — Organs of fructification of Euphorbia palustris, to illustrate the natural order 
Enphorhiacese. 

Fig. 707.— -Inflorescence, with the involucre, i i, opened and spread out, to show the position 
of the male ami female flowers which it encloses, g g, Glands (glandular lobes) alternating with 
tbe divisions of the involucre, bh , Membranous lamina;, or bracts, at the base of the flowers. 
fm, fm, Achlamydeous male flowers, consisting of a single stamen, supported on a pedicel, to 
which it is attached by an articulation, f f, Achlamydeous female flower in the centre; the 
ovary and styles supported on a long pedicel. 

Fig. 708. — Achlamydeous male flower separated, b, Bract. />, Pedicel. /, Filament articu- 
lated with the pedicel, a , Anther. 

Fig. 709. — Female flower. />, Summit of the pedicel which supports it. e, A flattened portion 
of the pedicel, which some call a perianth, o, Tricoccous ovary, s, Styles and stigmas. 

Fig. 710. - One of the cocci (carpels), c, separated, ami seen on its inner surface, g, The seed 
seen across the opening by which the nourishing vessels enter. 

Fig. 711. — A coccus separated, after dehiscence and expulsion of the seed. 

Fig. 712.— Seed separated. 

Fig. 713.— Seed cut vertically, t, Integument (spermoderro). p, Perispenn (fleshy albumen). 
e, Embryo with flat cotyledons, and a superior radicle. 



EUrHORBTACEiE. 


495 


18 species. There are about 192 known genera, VkI Upwards of 
2500 species. Examples — Euphorbia, Hippomanc, l \ra, Acalypha, 
Croton, fJatroplia, llicinus, Phyllanthus, Buxus. ' 

1017. The plants of this order are acrid and poisonous. These 
properties reside especially in their milky juices, which are contained 
in laticiferous vessels (fig. 60), in which the movements of Gyclosis 
were observed by Schultz (If 262). In many cases the elaborated 
sap contains caoutchouc and resin. The acrid properties of the order 
are also found in the seeds, many of which yield oils, both of a bland 
and of ail irritating nature. 

1018. The milky juice of many species of Euphorbia is caustic, and 
has been used for destroying warts, and causing vesication. At other 
times the juice lias been used for its purgative and emetic properties. 
The root of Euphorbia Ipecacuanha, has been employed as a substitute for 
[pecacuan. The resinous substance called Euphorbium is procured, 
in all probability, from two African species, Euphorbia ojficitumtm and 
antiquarian , as well as from E, canaricnsis , a native of the Canary 
Islands. The resin is a powerful irritant, and has been used as a 
vesicant. It causes great irritation of the mucous membrane when 
applied to the nostrils and eyes, and it acts as a cathartic when taken 
internally. Many species of Euphorbia yield resins of a similar nature. 
The juice of Hippomane M auciudla, Man chin eel, is very acrid and 
poisonous. When applied to the skin, it excites violent inflammation, 
followed by ulceration. The juice of II ura crepitans , Sandbox- tree, 
or Monkey’s dinner-bell, is also very acrid. The fruit of this tree is 
composed of numerous 1 -seeded cocci, which, when dry, separate from 
each other with great force. AJercurialis perennis , and annua , pro- 
duce vomiting and purging. 

1019. Many important medicinal oils are furnished by the plants 
of this order. Castor-oil is expressed from the seeds of Ricims com - 
munis {Palma Christ i), a plant with peltate-palmate leaves (fig. 146), 
which is found native in Greece, Africa, and the East Indies, and is 
cultivated in the West Indies, a,s well as in North and South America. 
In the temperate and more northern parts of Europe, the plant is a 
herbaceous annual of from three to eight feet high; in the more 
southern parts it becomes shrubby, and even attains a height of twenty 
feet ; while in India it is often a tree thirty or forty feet high. The 
best oil is got by expression from the seeds without heat, and is called 
cold-drawn Castor-oil. It is entirely soluble in alcohol, and, by the 
action of hyponitrous acid, it is converted into a solid yellow substance 
called Palmin. The oil acts as a mild laxative. Besides this com- 
paratively bland oil, there exists in the seed a powerfully cathartic 
constituent, which remains behind when the oil is expressed, and 
which is destroyed or evaporated under the process of ebullition. 
Croton-oil is obtained by expression from the seeds of Croton Tlglium y 
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an Indian and Asiatic slimb. It acts as an irritant purgative in the 
dose of one drop. In large doses it is a dangerous poison. When 
applied externally it produces pustules. Other species of Croton, as 
C. Pavana and Roxbnrghii , yield a purgative oil. The oil procured 
from the seeds of Euphorbia Eathyris , Caper-spurge, has cathartic 
properties, and so has that procured from the seeds o i Jatropha Curcas 
( Cur cos jmrr/ans), Physic or Purging- nut, Jatropha multijida , and Hura 
crepitans. The fatty matter obtained from the seeds of fitillingia sebi- 
fera , the Tallow-tree of China, is used lor making candles ; the plant 
also yields a bland oil. The roots of Euphorbia pilosa and palustris 
are used as purgatives, and are said to have been useful in hydrophobia. 

1020. Cascarilla is the bark of Croton Eleuteria , and of other species 
of Croton. It acts as a tonic and stimulant. When burned it gives 
out a musky odour, and is often used in pastilles. The bark of 
JBuxus scmpervirem , Box-tree, is said to be alterative, and its leaves 
have bitter and purgative qualities. Its wood is much used for wood- 
engraving. It is conjectured that the hard wood called African Teak, 
is the produce of a Euphorbiaceous tree, in the root of Janipha 
Manihot {Manihot utiiissiina ), a shrub about six feet high, extensively 
cultivated in tropical countries, there is much starchy matter de- 
posited, usually along with a poisonous narcotic substance, which is 
said to be hydrocyanic acid. The latter (ran be removed by washing, 
or it can be driven off by roasting, and then the starch is used in the 
form of Cassava bread. There are two varieties of the Cassava or 
Manioc plant ; one (called sometimes Janipha Loflingii) having a 
spindle-shaped root, brown externally, about six ounces in weight, 
which contains amylaceous matter, without any bitterness, and is used 
as food under the name of Sweet Cassava; another, called Bitter 
Cassava, having a knotty root, black externally, and sometimes 30 
lbs. in weight, which is bitter and poisonous, and requires to be rasped 
and washed thoroughly before the amylaceous matter can be used. 
From the starch of the Bitter Cassava, Tapioca is prepared by elu- 
triation and granulating on hot plates. Manihot starch is sometimes 
imported into Europe under the name of Brazilian Arrow-root. The 
milky sap of Euphorbia phosphorea , is said to emit a peculiar phos- 
phorescent light. That of Siphonia elastica contains much caoutchouc, 
and supplies the bottle India-rubber. Aleurites laccifera furnishes 
gum-lac in Ceylon. Crozophora tinctoria supplies a purple dye called 
Turnsole, which becomes blue on the addition of ammonia. The 
seeds of a few species of A leurites , Anda , and Omphalea are edible. It 
is said that, in some instances, the elaborated sap has poisonous pro- 
perties, while the ascending sap is innocuous (% 263). A species of 
Ooelebogyne is stated to have produced perfect seeds without the 
application of pollen 501). 

1021. Order 167. — Urticaeeas the Nettle Family. (Apet. Diclin.) 
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Flowers unisexual (fig. 716), hermaphrodite or polygamous, scattered, 
or collected into catkins or heads. Perianth usually divided (fig. 
716). Stamens definite, inserted into the perianth; filaments some- 
times curved in aestivation (fig. 715). Ovary free (figs. 717, 718), 
rarely coherent, 1 -2 -celled ; ovule solitary, erect (fig. 718), or sus- 
pended; stigmas 1 or 2, simple or bifid (fig. 718). Fruit an inde- 
hiscent nut, surrounded by the persistent pericarp, or a samara, or a 



syconus, or a sorosis (figs. 245, 246, 475). Seed solitary, erect, 
suspended, or pendulous, albuminous or exalbuminous ; embryo 
straight, or curved, or spiral; radicle superior (figs. 711), 720). — 


Fig. 714-720. — Organs of fructification of Urtica ureus, to illustrate the natural order Urti- 
cacea*, section Urtieea*. 

Fig. 714. — Bud of the male flower, viewed from above. 

Fig. 715. — Starucn taken from the bud of the male flower, with the elastic incurved filament, 
and the anther bent down before dehiscence. 

Fig. 716. — Male flower expanded, c, Perianth with four divisions, ceec, Four hypogynons 
stamens, thrown back by the elasticity of the filaments, with the anthers hurst. p r, Abortive 
rudiment of the central pistil. 

Fig. 717. — Female flower, c, Perianth with four unequal segments, the two exterior ones 
being very small, o. Unilocular ovary, s, Sessile stigma. 

Fig. 718 Pistil cut vertically, to show the direction of the erect ovule, o. p, Parietes of the 

ovary, a, Stigma. 

Fig. 719. — Seed cut vertically, parallel to the cotyledons, t, Integument (spermoderm). 
h f Ililum. p f Peri sperm, e, Embryo straight, with the radicle superior. 

Fig. 720. -Seed cut perpendicularly to the cotyledons, t, Integument, h, Hilum. p, Peri- 
sperm. e, Embryo. 

2 i 
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Herbs, shrubs, or trees, with alternate, stipulate leaves, which are 
usually hispid or scabrous. This order has been divided into the fol- 
lowing suborders: — 

1. Urtice®, True Nettles (figs. 714-720): rough-leaved plants, often with stinging hairs, 

filaments elastic, and curved in aestivation (fig. 715); fruit an indehiscent nut; seed 
erect, albuminous; embryo straight ; juice watery. They are widely scattered over 
the globe, and many of them follow the footsteps of man in his migrations. 

2. Cannabinea*, Hemp tribe : scabrous plants with erect filaments ; fruit indehiscent ; seed 

suspended, exalburninous ; embryo hooked or spiral ; juice watery. They occur 
chiefly in temperate regions. 

3. Ulmacem, Elm tribe : rough-leaved trees or shrubs ; filaments erect in aestivation ; 

fruit 1-2-celled, samaroid or drupaceous; seed pendulous, usually exalburninous; 
embryo straight or curved ; juice watery. Natives of the northern and mountainous 
parts of Europe, Asia, and America. 

4. More®, Mulberry tribe: usually rough-leaved trees or shrubs; filaments erect in 

{estivation; fruit a sorosis or syconus (figs. 24G, 475); seed solitary, pendulous, 
albuminous; embryo hooked; juice milky. Natives of temperate and tropical 
regions. 

5. Artoearpcae, Bread-fruit tribe : trees or shrubs, with leaves often rough ; filaments 

generally erect in aestivation ; fruit often a sorosis ; seed erect or pendulous, albu- 
minous; embryo straight ; juice milky. Natives of tropical regions. 

There are between GO and 70 known genera, and about. GOO species. 
Examples — Urtiea ; Cannabis, Hum ulus; Ulnms, Celt is ; Morus, Ficus, 
Dorstenia ; Artocarpus, Antiaris. 

1022. The properties of the order are various. Many yield valu- 
able fibres, others supply important edible fruits, others furnish 
caoutchouc, and others form important forest trees. Various species 
of Urtiea , Nettle, such as U. dioica , , pil ulifera, stimuli ms, crenulata , 

and nrentissima , have stinging hairs (fig. 8G). The young shoots of 
the common nettle are sometimes used like spinach or greens. Urtiea 
cannabina and tenaeissima furnish fibres fit for cordage. Babmeria 
nivea supplies fibre for the Chinese grass-cloth, and BaJimena Puya 
gives the Pooah or Puya fibre of Nepal and Sikkim. In Nettles 
and Pellitories, the elastic filaments turn the anthers back with elas- 
ticity, and cause the scattering of the pollen (f 407). Specimens of 
Tree-nettle, Urtiea gigevntra, were measured by Backhouse in Aus- 
tralia, and found to be 18, 20, and 21 feet in circumference. Their 
sting is very severe, causing violent inflammation. Cannabis sativa is 
the source of the valuable fibre called Hemp. A variety called Can- 
nabis indiea is used in India for producing intoxication. It is also 
employed medicinally in the form of extract, as fin an t.i spasmodic and 
anodyne, in cases of tetanus and neuralgia. The properties of the 
hemp plant appear to be much modified by climate. The Indian 
variety has a marked resinous varnish, called Oh arms, on its leaves. 
What is called Bhang in India, consists of the dried larger leaves and 
fruit, while Gunjah is the whole plant dried after flowering, and the 
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Haschisch of the Arabs is composed of the tops and tender parts of the 
plant dried. The strobili of the female plants of Hamulus Lnpulus 
constitute hops, the bitterness of which resides in the resinous glandu- 
lar scales surrounding the fruit, and to which the name of Lupulinic 
glands, or Lupulin, has been applied. The latter name is also given 
to the bitter principle of the hops. Hops are employed as a tonic and 
narcotic, in the form of extract, infusion, and tincture. Their tonic 
properties depend on their bitterness. A pillow stuffed with hops is 
a popular means of procuring sleep. The twigs of hop have been used 
to adulterate Sarsaparilla. Several species of Elm are. cultivated for 
timber. Ulmus cam pest ris, English or small-leaved Elm, rarely pro- 
duces fruit, in this country. It often attains a height of 70 to 90 
feet, with a, diameter of 4 to 5 feet. Its wood is compact and dur- 
able under water, and it has been used for sleepers on railways, 
and for wooden pavements. Its inner bark is bitter, mucilaginous, 
arid astringent. (Jfmus Montana, the Mountain, Wych, or Scotch Elm, 
produces fruit freely in this country, but its wood is inferior to that of 
the English Elm. Celt is , the Nettle-tree, or Sugar-berry, lias a sweet 
drupacco i is fru it. 

1023. The common Fig is the fruit of Ficus Carica . It consists of 
a succulent hollow receptacle, enclosing numerous single-seeded car- 
pels (fig. 240), and is called a syeonus (1[ 558). The fruit is demul- 
cent- and laxative, and is used lor cataplasms. Many other species of 
Ficus yield edible fruits. The plants belonging to the Fig tribe are 
generally remarkable for the adventitious roots which they send out 
from the stems. One of the most celebrated in this respect is Ficus 
indie a, the Banyan (■fl 121, 035). Many of the species can live sus- 
pended in the air for a long lime. A specimen of Finis australis has 
grown in this way in the Botanic Garden of Edinburgh for upwards 
of twenty years 217). Ficus ( F rostiguui) reliyiosa, is the Pippnl- 
tree, or Sacred Fig of India. F. efastica is an Indian tree which sup- 
plies a large cpiantity of caoutchouc ; so also do Ficus Had u la, elliptiea, 
and pr in aides. Peculiar clusters of rapliides are found in the cellular 
tissue of some of them (fig. 39). The milky juice is not in all instances 
bland and innocuous : it occasionally has acrid qualities. Ficus S/jco- 
f nor us (Sf/comorus antiquonrm), is probably the Sycamore of the Bible, 
the O'fcpiy of the Old Testament, and the GvxopjOPsa of the New. The 
wood of the tree is said to be very durable. Morns nigra supplies 
the common black Mulberry, which is an anthocarpous fruit, composed 
of numerous succulent flowers, forming a sorosis (fig. 475). The Mul- 
berry is the tixmdpmg, or Sycamine-tree of tire New Testament. Some 
have considered it as the of the Old Testament. The white 

Mulberry, a less-esteemed fruit, is the produce of Morus alba. Both 
of these mulberries are subacid. Their leaves are the favourite food 
of silk-worms. The root of the white Mulberry is anthelmintic. The 
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*03 of the Bible is the name of some tree or shrub, and it is doubt- 
fully translated Mulberry-tree. Dorstenias have a slightly concave 
broad receptacle, bearing numerous flowers (fig. 245). I). Contrayerva , 
D. Iloustoni , and 1). brasiliensis furnish theContrayerva-rootof commerce. 
The officinal part is the root-stock, which is used as a stimulant, tonic, 
and diaphoretic. Broussonetia papyrifera is the Paper-mulberry, so called 
on account of being used in China and Japan in the manufacture of a 
kind of paper. It is called Crape-paper, and is prepared by pounding 
the bark, steeping it in water, then mixing it with glue, and taking it 
up with a mould of Bamboo-screen of the size required. The dye- 
wood called Fustic is the produce of Maclura (Broussonetia) tiuctoria. 

1024. The Artocarpus section is important as regards its uses. 
Artoearpus hicisa , the Bread-fruit tree, supplies an amylaceous fruit, 
which furnishes an abundant supply of food in tropical countries. 
The properties of this tree are thus enumerated by Hooker: — The 
fruit serves for food ; clothes are made from the fibres of the inner 
bark ; the wood is used for building houses and making boats ; the 
male catkins are employed as tinder; the leaves for table-cloths and 
for wrapping provisions in; and the viscid milky juice affords birdlime. 
A. integrifolia is the Jack or Jaca, the fruit of which attains a large 
size, sometimes weighing thirty pounds, and is inferior in quality to 
the Bread-fruit. In both instances the fruit is a sorosis, consisting of 
numerous flowers on a common axis, which becomes succulent. The 
milky juice of many of the Artocarpus tribe supplies caoutchouc, and 
in some instances it is used as a substitute for milk. This is the case 
with the juice of Galactodendrou utile (perhaps a species of Br osmium), 
which is called Palo de Vaca, or the Cow-tree, in Demerara. While 
the j uice of some is nutritive, that of others is highly poisonous. Thus, 
Antiaris toxicaria is the source of the famous poison called Bohun- 
Upas, or Upas-Antiar, by the Javanese, and which is said to owe its 
properties to the presence of Strychnia. Another Upas poison, called 
Upas-Tieute, has already been noticed under the order Logan iacea, as 
being the produce of a species of Strychnos. The wood of Piratinera 
guianensis (probably a species of Brash i turn) is called Snake- wood, or 
Letter- wood in Demerara, and is used for articles of furniture. Speci- 
mens sent by Dr. Campbell from Demerara have been beautifully 
manufactured in Scotland. The bark of Lepurandra saeddora (pro- 
bably a species of Antiaris) is used for forming saoks. Mr. N. B. 
Ward, in London, has one of these bags in his Museum, which has 
been formed by separating the bark entire from the wood throughout 
the whole extent, with the exception of a small portion at one end. 
The wood has then been removed from the interior, a part being 
left with the bark attached to form the bottom of the sack. The 
seeds of many of the Artocarpus tribe are eaten. Brosimwn Aliens- 
trim yields bread-nuts, which, when boiled or roasted, are nutritious 
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and agreeable articles of food. Cecropia peltata is the Trumpet-wood, 
so called on account of the hollowness of its stem and branches, which 
are used for wind instruments. The fibrous bark of the tree is used 
for cordage. 

1025. Order 1G8. — Teratophyllacew, the Hornwort Family. (Apet 
Didin.) Flowers unisexual. Perianth inferior, 10- 12 -parted. Male 
Howers: Stamens 12-20 ; anthers sessile, bilocular. Female flowers : 
Ovary free, 1 -celled; ovule solitary, pendulous, orthotropal; style 
filiform, oblique ; stigma simple. F ruit a 1 -celled in dehiscent nut, 
terminated by the hardened style. Seed solitary, pendulous, exalbu- 
minous; cotyledons 2, but apparently 4; radicle inferior. — Aquatic 
submersed herbs, with verticillate leaves cut into filiform lobes. They 
are found in ditches in various parts of Europe, Asia, and America. 
The affinities of the order are still obscure. Some authors consider 
it as allied to Lythracea*, others to Chenopodiacea?, while Lindley puts 
it in his Urtical alliance. Its properties are unimportant. There is 
only 1 genus, and about 0 species. Example — Ceratophyllum. 

1020. Order 109. — PodoNtemaveav the Podostemon Family. (Apet 
Monodin .) Flowers naked, or with a more or less perfect perianth, 
bursting through an irregularly-lacerated spatha. Stamens hypogy- 
nous, definite or indefinite, distinct or nionadelplious ; anthers ditliecal, 
with longitudinal dehiscence. Ovary free, 2 -3 -celled ; ovules numer- 
ous, anatropal, attached to a fleshy central placenta ; styles or stigmas 
2 or 3. Fruit slightly pedicellate, capsular, 2-3-valvcd. Seeds 00 ; 
embryo exalbuminous, orthotropal. — Herbaceous, branched, floating 
plants, with capillary, or linear, or lacerated, or minute and imbricated 
leaves. Natives chiefly of South America, and of the islands to the 
east of Africa. Little is known in regard to their properties. The 
affinities of the order are not well determined. Some authors put it 
among the Monocotyledons. There are 9 known genera, and 25 
species, according to Lindley. Examples — Podostemon, Laeis. 

1027. Order 170. — Stila^iiiAeew, the Stilago Family. (Apet. Didin, ) 
Flowers unisexual. Perianth 2- 3- or 5 -partite. Male flowers: Stamens 
2 or more, arising from a swollen receptacle ; filaments capillary ; 
anthers innate, 2-lobed, with a fleshy connective, and vertical cells 
opening transversely. Female flowers : Ovary free, 1-2 -celled ; ovules 
2, anatropal; stigma sessile, 3-5-toothed. Fruit drupaceous. Seed 
solitary, suspended ; embryo in fleshy albumen ; cotyledons leafy ; 
radicle superior. — Trees or shrubs, with alternate, stipulate leaves. 
Natives chiefly of the East Indies. Some yield edible fruits, others 
are used as potherbs. The position of this order in the natural system 
is obscure, Lindley places it in the Urtical alliance, others consider 
it as allied to Amentacere. There are 3 known genera, and about 20 
species. Examples — Stilago, Antidesma. 

1028. Order 171.— MoDlmlaceir, the Monimia Family. ( Apet 



502 MONIM1ACEAE — ATHERO SPERM ACE.® — LACISTEMACEiE. 


Dielm.) Flowers unisexual. Perianth somewhat globose, in one or 
more rows, divided at the border. Male dowers : Stamens indefinite, 
covering the whole interior of the perianth ; filaments often with 2 
scales at the base; anthers ditliecal, with longitudinal dehiscence. 
Female flowers : Ovaries several, superior, enclosed within the tube of 
the perianth, each with 1 style and 1 stigma; ovule solitary, pendu- 
lous, anatropal. Fruit consisting of several achicnia, enclosed within 
the enlarged perianth. Seed pendulous ; embryo at the end of copious 
fleshy albumen ; radicle superior. — Trees or shrubs, with opposite, 
exstipulate leaves. They are natives chiefly of South America and 
Australia. The bark and leaves are aromatic and fragrant. The suc- 
culent fruit of some is eaten. There are 8 known genera, and about 
4-0 species. Examples — Moniuiia, Poldoa. 

1029. Order 172. — JUlierospermacea*, the Plume-Nutmeg Family. 
(Ape.t Diclin.) Flowers unisexual. Perianth tubular, divided at the 
top into several segments in 2 rows, the inner often pctaloid, and 
accompanied in the female flowers with a few scales. Male flowers: 
Stamens 00, inserted in the bottom of the perianth ; filaments with 
scales at the base ; anthers 2 -celled, with valvular dehiscence. Female 
flowers : Ovaries usually 00 ; ovule solitary, erect; style simple, lateral 
or basilar; stigmas simple. In some flowers, though rarely, stamens 
and pistils are found, and in that case the stamens are fewer, and arise 
from the orifice of the perianth. Fruit consisting of aclnenia, with 
persistent, ultimately feathery styles, enclosed withiu the tube of the 
perianth. Seed solitary, erect; embryo snndl, at the base of soft 
fleshy albumen; radicle inferior. — Trees, with opposite, exstipulate 
leaves, found in Australia, and iri souk* parts of South America. They 
are generally fragrant. There are 3 known genera, and 4 species, 
according to Lind ley. Examples — Atlierosperma, Laurelia. 

1030. Order 173. — Lacistemaceup, the Lacistema Family. (Apet. 
Diclin.) Flowers polygamous. Perianth in several narrow divisions, 
covered by an enlarged bract. Stamen 1, hypogynous ; anther having 
2 cells, which are separated by a thick 2-lobed connective, and which 
dehisce transversely. Disk fleshy. Ovary superior, 1 -celled ; ovules 
several, anatropal, attached to 2-3 parietal placentas ; stigmas 2-3, 
nearly sessile. Fruit a unilocular, 2-3-valved capsule, with loculicidal 
dehiscence. Seed usually, by abortion, solitary, suspended, with a 
fleshy arillus ; spermoderm crustaceous ; embryo in fleshy albumen ; 
cotyledons flat ; radicle cylindrical, superior. — Small trees or shrubs, 
with simple, alternate, exstipulate leaves, and amentaceous flowers. 
They are natives of the warm parts of America. Their properties are 
unknown. There are 2 genera, and 6 species. Example. — Lacistema. 

1031. Order 174. — Cliloranthaceep, the Chloranthus Family. 
( Achlamyd '. Monodin. or Diclin.) Flowers bisexual or unisexual, with 
a supporting scale. Perianth 0. Stamens definite, lateral, and if 
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more than 1, connate ; anthers monotheeal, with longitudinal dehis- 
cence, each adnate to a fleshy connective. Ovary unilocular ; ovule 
solitary, pendulous, orthotropal ; stigma sessile, simple. Fruit drupa- 
ceous, indehisccnt. Seed pendulous ; embryo minute, at the apex of 
fleshy albumen ; cotyledons divaricate ; radicle inferior, remote from 
the hilum. — Herbs or undershrubs, with jointed stems, opposite, sim- 
ple, stipulate leaves, sheathing petioles, and spiked flowers. Natives 
of the warm regions of India and America. Some of them, as Chlo- 
ranthus officinalis , are aromatic and fragrant, and have been used as 
stimtilants and tonics. There are 3 known genera, and 15 species. 
Example — Chloran thus. 

1032. Order 175. — Saiirurocen*, the Lizard’s-tail Family. ( Acldamyd .) 
Flowers bisexual. Perianth 0, a scale or bract supporting the flowers. 
Stamens 3-6, clavate, hypogynous, persistent; filaments slender; an- 
thers 2-celled, continuous with the filament, with a thick connective 
separating the lobes, dehiscence longitudinal. Ovaries 3-4, distinct, 
with 1 ascending orthotropal ovule, and a sessile recurved stigma, or 
united so as to form a 3-4 -celled pistil, with several ovules and 3-4 
stigmas. Fruit either consisting of 4 fleshy iudohisoent nuts, or a 
1-3-4-celled capsule?, dehiscing at the apex, and containing a few ascend- 
ing seeds. Seeds with a membranous spennoderm ; embryo minute, 
lying in a fleshy vitellus, outside of hard mealy albumen at the apex 
of the seed. — Herbs growing in marshy places, with alternate, sti- 
pulate leaves, and spiked flowers. Natives of North America, India, 
and China. Their properties arc said to be acrid. There are 4 
known genera, according to Lindley, and 7 species. Examples — 
Saururus, Houttuynia. 

1033. Order 176. — Piperaceas the Pepper Family. {Acldamyd.) 
Flowers $ . Perianth 0, flowers supported on a bract. Stamens 2- 
3-6, arranged on one side or all round the ovary ; anthers 1- or 2-celled, 
with or without a fleshy connective ; pollen roundish, smooth. Ovary 
solitary, free, 1 -celled ; ovule solitary, erect, orthotropal ; stigma 
simple, sessile, rather oblique. Fruit somewhat fleshy, in dehiscent, 
unilocular. Seed erect ; embryo in a fleshy vitellus outside the albu- 
men, and at the apex of the seed. — Shrubs or herbs, with articulated 
stems, opposite (sometimes alternate by abortion of one of the pair of 
leaves), or verticillate, exstipulate or stipulate leaves, and spiked or 
racemose flowers. Natives of the hottest quarters of the globe. Com- 
mon in South America and India. The wood is often arranged in 
wedges, with medullary rays, but without concentric zones. There 
are 21 known genera, and upwards of 600 species. Examples — 
Piper, Artantlie, Pepcromia. 

1034. The plants of the order have pungent, acrid, and aromatic 
properties. Most of them contain an acrid resin, and a crystalline 
principle called Piperin, in which their active qualities reside. Some 
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are narcotic and astringent. The dried fruiting spikes of Piper longum , 
an Indian creeper, constitute Long-pepper. Of late, however, the 
genus Piper has been subdivided, and this land of pepper has been 
referred to various species of a. new genus, Chavica , viz. C. peepuloides y 
Roxburghii , and ojji-cmarum. The dried uruipe fruit (drupes) of Piper 
nigrum constitute Black-pepper, a climbing plant common in the East 
Indies. The ripe fruit, when deprived of its outer fleshy covering by 
washing, forms the White-pepper of the shops. These peppers are 
hot aromatic condiments, and they are used medicinally as tonic, 
stimulant, febrifuge, and stomachic. The fruit of Piper Cubeba 
( Gubcba oJfidmUs ), a climbing plant of Java and other Indian islands, 
is the medicinal Cubeb -pepper, which is used extensively in arresting 
discharges from mucous membranes. It contains a resin, a volatile 
oil which is very active, and a peculiar principle called Cubebin. 
The substance called Matico or Matica, consists of tbe leaves and un- 
ripe fruit of Piper angusti folium (Artanthe elovguta ). It possesses aro- 
matic, fragrant, and astringent qualities. It has been particularly 
recommended for checking haemorrhage, a property which seems, in 
part, to be a mechanical one, depending on the structure of the leaf, 
which also abounds in tannin. The root of Piper methysticum is the 
Kava of the South Sea islanders, which is used by them for pre- 
paring a stimulating beverage. The leaf of Betel-pepper ( Piper Iktle) 
is chewed with the Areca nut in the East, as a means of intoxication. 

1035. Order 177. — Amentacea*, the Catkin-bearing Family. {Diclin.) 
Flowers unisexual. Male flowers (fig. 721) capitate or in catkins 
(amenta), (fig. 238), sometimes with a membranous perianth. Female 
flowers clustered, solitary (fig. 722), or in catkins. Stamens varying 



from 1 to 20, distinct (fig. 721) or monadelphous; anthers dithccal (fig. 
721). Ovary usually simple (fig. 723 o); stigmas 1 or more (fig. 723 s). 

Figs. 721-727. — Organs of fructification of Corylus Avellana, the Hazel, to illustrate the 
natural order Amcntacete, section Oupuliferre. 

Fig. 721.— Male flower separated from the catkin (amentum), e, Scale or bract bearing the 
stamens, a , with their dithccal anthers. 

Fig. 722.— Female flower, ff, in a very young state, with its involucre, i. 

Fig. 728.— Female flower more advanced, i, Involucre opened to show the ovary, o, covered 
by the perianth, c. s. Two styles. 
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Fruit membranous or bony, or drupaceous, indehisccnt (fig. 720) or 
dehiscent. Seeds solitary or numerous, erect or pendulous (fig. 724), 



usually cxalbuminous ; embryo straight or curved; radicle mostly su- 
perior (fig. 727). — Trees or shrubs, with alternate, stipulate, or ex sti- 
pulate leaves. Natives chiefly of temperate climates. The order has 
been divided into the following suborders : — 

1. Salicineae, the Willow tribe: flowers miked, or with a membranous cup-like calyx; 

ovules 00, erect, anatropal ; fruit naked, coriaceous, unilocular, 2-valved ; seeds 
coinose ; embryo erect ; radicle inferior ; leaves stipulate. Found in woods in 
temperate and cold regions. 

2. Myriecic, the Gale tribe : aehlamydeous flowers ; stamens 2-8 in the axil of a scale ; 

ovary 1 -celled, with hvpogynous scales ; ovule solitary, erect, orthotropal ; fruit 
drupaceous, often with a waxy secretion, and with fleshy adherent scales ; radicle 
superior. Natives both of temperate and tropical regions, and found in North and 
South America, in India, and at the Cape of Good Hope. 

3. Casuarinejje, the Becfwood tribe : flowers with bracts ; stamen I ; ovary ] -celled ; 

ovules 1-2 ; fruit consisting of winged achaenia, collected into a cone; seed erect ; 
radicle superior. Australian trees or shrubs, with filiform branches, bearing mem- 
branous toothed sheaths in place of leaves. 

4. Betulineje, the Birch tribe : flowers with bracts, which are sometimes verticillate ; 

ovary 2-celled ; ovules solitary, pendulous, anatropal ; fruit membranous, inde- 
hiscent, forming a sort of cone ; seeds pendulous ; radicle superior ; leaves with 
deciduous stipules. Natives of temperate and cold regions in Europe, Asia, and 
America, and extending to arctic and antarctic regions. 

5. Balsam aec a? (Altingiaccse), the Liquidambar tribe : flowers wuth verticillate bracts 

or minute scales; anthers numerous; ovary 2-ceJled ; ovules 00, amphitropal ; 
fruit consisting of 2-celled capsules, united together so as to form a hard cone; 
seeds usually numerous, winged, albuminous; radicle superior; leaves stipulate. 
Balsamic trees, natives of tropical and warm regions. 

0. Platan etc, tlie Plane tribe: flowers in globose catkins; stamen t, with scales; ovary 
1 -celled; style thick and subulate; ovules solitary or in pairs ; suspended, ortho- 
tropal; fruit consisting of compressed clavate nuts, terminated by a recurved style; 
seeds 1-2, pendulous, albuminous ; radicle inferior; leaves palmate or toothed, and 
stipulate. Natives chiefly of temperate regions. 

Fig. 724. — Female flower cut longitudinally, to show the. two loculaments with a pendulous 
ovule in each. 

Fig. 725. — Female flower still more advanced, c, Perianth, s, Styles. 

Fig. 726.— Pipe fruit,/, enveloped in its involucre or bracts, u 

Fig. 727.— Seed separated, t , Integument, half of which is removed to show the exalbtuni- 
nous embryo, e. r, Superior radicle. 
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7. Cupuliferse (Corylacese), the Nut tribe : flowers amentaceous (fig. 238) or aggregate ; 
stamens 5-20, attached to scales (fig. 721) or a perianth ; ovary surrounded by a 
coriaceous involucre (cupula), crowned by the remains of a persistent perianth (figs. 
723, 725), plurilocular ; ovules 2 or 1, pendulous; fruit a glans (figs. 257, 726); 
seed usually solitary ; radicle superior (tig. 727) ; leaves stipulate, often feather- 
veiriod (fig. 134). Natives of temperate regions chiefly. Some extend to warm 
countries. 

This extensive Amenta! alliance, with which perhaps the next order 
should be incorporated, embraces 18 known genera, and 600 species. 
The suborders are by some considered as separate orders, and placed 
in various parts of their system of alliances. Examples — Salix, Popu- 
lus; Myrica; Casuarina; Betula, Alnus; Iitp.iida.mbar ; Platanus; 
Corylus, Fagus, Castanea, Quercus. 

1036. The Amentaceous order contains trees which yield valuable 
timber, and are extensively cultivated. Many have bitter, tonic, and 
astringent qualities. Some yield resinous and balsamic fluids ; and 
the seeds of some are used as articles of food. The bark of many 
species of Willow, such as Salix Caprwit , alba, Russellian a, fragilis , 
pentandra , rite llina, purpurea, and Helix, yields a neutral crystalline 
bitter substance called Salicin, which is employed as a febrifuge and 
tonic. The bark also possesses astringent qualities from the presence 
of tannin. Salicin assumes a carmine-red tint when moistened with a 
few drops of concentrated sulphuric acid. Various species of Willows 
(osiers) are used for basket-making, while others are employed in 
forming charcoal. Salix bahylonica is the Weeping- willow. Its specific 
name is founded on the supposition, that it was the species on which 
the Israelites hanged their harps by tire waters of Babylon. The word 
:ny in the Bible is doubtfully translated Willow. Populus alba is com- 
monly called the Abele, while I\ tremula is the Aspen, and 1\ fasti- 
giata and dilatata the Lombardy Poplar. The buds of Populus nigra 
and balsamifcra are covered with a resinous exudation, to which the 
name of Tacamahac has been given. The leaves and bark of some 
Poplars secrete a saccharine substance. Salix arctica and polaris 
extend to the arctic regions, and form the most northern woody plants. 
Salix herbacea , a small creeping Willow, occurs abundantly on the 
Scotch mountains. The downy matter surrounding the seeds of Pop- 
lars and Willows, is used lor stufling pillows and cushions, as well as 
for the manufacture of a kind of paper. 

1037. The species of Myrica are aromatic, and yield resinous and 
oily matter. Myrica Gale is the Gale or Scotch Myrtle, which is com- 
mon in marshy grounds and damp heaths in Britain. The fruit of 
Myrica cerifera, called Wax Myrtle, or Bay Myrtle, or Candleberry, 
yields a greenish-coloured wax, which is used for candles. The 
drupaceous fruit of some Myricas is eaten. The leaves of Comptonia 
asplenifolia , Sweet Fern, are found by Mr. Murchison to contain pecu- 
liar glands. Resinous matter is also procured from several species of 
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Liqnidambar , and is known by the name of Liquid Storax. Liqui- 
clambar stt/raciflnn , oriental?, , and Altingia , arc said to be the chief 
sources of this resin or balsam, containing benzoic acid. The species 
of Casaarina (Cassowary-tree) yield excellent timber, called Beef- 
wood from its having some resemblance to raw beef. What is called 
the She-oak in Australia, is C. quadrivalm. In the integument of the 
seeds of Casuarin.as there are numerous spiral cells. 

1038. The species of Bctula , Birch, have astringent and resinous 
barks. The oil from the bark of the common Birch (Beta la alba and 
glutinosa ;) gives the peculiar odour to liussia leather. In North 
America the bark of the Canoe Birch (Bctula pap?/7'acea) is used for 
making boats. A saccharine matter exists in the sap of the Birch, 
Bctula lenta is the Black Birch of America, and is called Mountain 
Mahogany on account of the beauty and hardness of its timber. Alans 
glutinosa , common Alder, grows well in the muddy ground on the 
banks of rivers. PUtkinm orientalis , the Oriental Plane, lias broad 
palmate leaves, resembling the Sycamore which is often erroneously 
called the Plane in Britain. Some say that this is the Sycamore of the 
ancients. Blatanm occidentals , another species of Plane, is also culti- 
vated a,s a showy tree. 

1039. The Hazel-nut, with its involucral appendage, is the produce 
of Cor //las Aval lan a. The bark of Quercus pcduncufata (h *obur) t the 
common Oak, contains much tannin, and is used as an astringent. 
Another British species, Q. sessil ijiora, having sessile fruit, is said to 
yield the best timber. It is said that, in the wood of Q. pcduneulata , 
there are numerous medullary rays (silver-grain), (fig. 99), while in 
that of Q. sessififlora , Durmast, there are scarcely any visible. There is 
some doubt a,s to the existence of more than one species in Britain, and 
no permanent characters have been established. Babiiigton mentions 
three species. It has been stated that 2000 well-grown oaks, equal to 
3000 loads of timber, are required to build a seventy-four gun ship. 
Idle acorns of Quercus JEgilops , Valonia or Balonia Oak, under the 
name of Velonia, are used by dyers. Oaks are liable to the attacks 
of insects, whose punctures give rise to the formation of galls. These 
excrescences occur on the buds, bark, and leaves. The mcdicinsd 
galls are the produce of Quercus infectoria , a native of Asia Minor, and 
the best are imported from Aleppo. They are caused Dy punctures 
from the ovipositor of the Dipl olepis (Cynips) Gallae-tinctorum. Blue 
galls are .those which still contain the young insect, in their interior, 
while white galls are those from which it has escaped. In medicine 
they are employed as powerful astringents, and in the arts they axe 
used for dyeing, tanning, and forming ink. The bark (Epiphloeum) of 
Quercus Saber constitutes cork (fig. 100). The bark of Quercus tine - 
toria is called Quercitron, and yields a yellow dye. Quercus Ilex , , 
Evergreen Oak, is commonly cultivated in gardens. The Oak, JibM 
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of the Bible, is said by some to be Quercus Grammuntia. The Beech- 
tree (Fag us sylvatiea), the Horn-beam (Carpinm Bctulm ), and the 
Spanish Chestnut (Gastanea vesca ), belong to the Cupuliferous section 
of tills order. Fag us Forsteri is the Evergreen Beech of South 
America, found at Terra del Fuego. A species of Beech (F. antarctica) 
is found in the antarctic regions. 

1040. Order 178. — Juglandaccas the Walnut Family. (A pet 
Diclin .) Flowers unisexual. Male flowers amentaceous: Perianth 
membranous, oblique, irregularly-! obed, with a scaly bract. Stamens 
definite or 00; filaments short, free; anthers dithccal, erect. Female 
flowers in terminal clusters, or in loose racemes, with separate or 
united bracts: Perianth single or double, the outer 3 -5 -parted, inner, 
when present, in minute separate pieces. Ovary adherent to the peri- 
anth, 1 -celled; ovule solitary, erect, orthotropal; styles 1-2, very 
short; stigmas 2-4, fringed or sessile discoid and 4-lobed. Fruit a 
drupe, sometimes with an adherent involucre ; endocarp bony, 2-valved 
or valveless, 2-4-celled at the base, and 1 -celled at the apex, with 
partial dissepiments. Seed exalbuminous, 2-4-1 obed, with a mem- 
branaceous testa; embryo large; cotyledons fleshy, oily and sinuous ; 
radicle superior. — Trees with alternate, pinnated leaves, having neither 
dots nor stipules. They are chi oily natives of North America. There 
are 4 genera, according to Lindley, and 27 species. Examples — Jug- 
lans, Carya. 

1041. While the plants belonging to this order yield edible oily 
nuts, their bark is often acrid, and there is frequently bitterness and 
astringency in the coverings of their fruit and seed. The seeds of 
Juglans regia , common Walnut, yield a bland oil, which may be used 
as a substitute for olive-oil. Carya alba yields tbe American Hickory- 
nut. Purgative and resinous properties prevail in some of the plants. 
The timber of many of the trees is valuable. That of the Black Wal- 
nut (Juglans nigra ) has a fine dark -brown colour when polished. 

1042. Order 179. — Garryaceas the Garrya Family. (Apet. Diclin.) 
Flowers unisexual, amentaceous. Male flowers : Perianth of 4 parts. 
Stamens 4, alternate with the segments of the perianth. Female 
flowers : Perianth superior, 2 -toothed. Ovary unilocular ; ovides 2, 
pendulous on short funiculi; styles 2. Fruit baccate, indehiscent. 
Seeds 2 ; embryo minute, at the base of fleshy albumen. — North 
American shrubs, with opposite, exstipulate leaves. The male plants 
of Garrya dliptica are commonly cultivated in shrubberies, and are 
prized for their peculiar silky catkins. Lindley associates with this 
order the IlelwingiacejB, which agree in their unisexual (lowers, adhe- 
rent fruit, pendulous ovules, minute embryo, at the base of solid 
albumen. There are 2 known genera, and 6 species. Example — 
Garrya. 
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Section B. — Gymnospenmv . * 


1043. Monochlainydeous or Achlamydeous plants, with an Exoge- 
nous structure as regards their stems and organs of vegetation, but 
differing from Exogens in having naked ovules, which are fertilized by 
the direct application of the pollen to the foramen, without the inter- 
vention of stigma, style, and ovary. Their woody tissue is marked by 
the presence of disks (ligs. 47, 48, 808). They are included in Lind- 
ley’s class of Gym nogens, and Endli cher’s Gymnospermous division of 
Acramphibrya. 


1044. Order 180. — Conifera*, the Cone-bearing Family. ( Achlamyd . 
Diclin.) It includes the orders Pinuceip, Taxaceai, and Gnetacece of 
Ldndley. Flowers unisexual. Male flowers monntidrous or monadel- 
phous : Stamens collected in a deciduous amentum, about a common 
rachis (fig. 728); anthers 1-2 or many-lobed, with longitudinal dehis- 
cence, often terminated by a scaly crest (fig. 729). Female flowers 
in cones (fig. 730), sometimes solitary: Ovary none, its place being 
supplied by the flat scales of the cones, arising from the axil of 
membranous bracts (fig. 73.1); ovules naked, usually in pairs on the 
face of the scales (figs. 731, 732 o o), inverted or erect; style 0; 
stigma 0. Fruit a cone (figs. 201, 473, 477), or a solitary naked 



seed (fig. 442). Seed with a hard crustaceous integument, sometimes 
winged (fig. 733); embryo in the midst of JJeshy oily acumen (fig. 
734) ; sometimes more than one embryo ; cotyledons 2, or many and 


* rupvos, naked, and <rtri^uat, seed. 

Figs. 728-734. — Organs of fructification of Pinus sylvestris, Scotch Fir, to illustrate the natural 
order Coniferee. . , m 

Fig. 728.— Collection of male catkins, c, clustered round a common axis. Leaves, b, Ter- 
minal buds, with young leaves and scaly sheaths. 

Fig. 729. — Male flower, or the two-lobed anther, separated. 

Fig. 730. — Three collections of female flowers, or young cones, c, at the extremity of a branch. 
Fig. 731.— A scale detached from one of these young cones, and seen on the exterior, b, Bract, 
c, Scale, o o, Summit of the naked ovules. 
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verticillate (fig. 734) ; radicle next the apex of the seed, organically 
connected with the albumen. — Trees or shrubs, with branched, usually 
resinous trunks, the wood marked with circular disks (figs. 47, 48, 808), 
the leaves usually narrow, rigid or acerose, entire (fig. 147), sometimes 
fascicled, and with a scaly sheath at their base (fig. 728 b). They arc 
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found in various parts of the world, both in cold and hot regions. They 
abound in the temperate regions of Europe and America, and many 
occur in Australasia. Four genera of Conifbra?, A mucaria , Phylloc Indus, 
Microcacltn/s , and A rthrotaxis, are peculiar to the southern hemisphere. 
The following attain their maximum to the south of the tropics, — Cal- 
litris , Podoairpus, and Dacrydium. lhinunara has one species in each 
hemisphere. 

1045. The order is a very extensive one, and has been divided into 
the following suborders : — 

] . Abietinea'., the Fir and Spruce tribe : fertile flowers in cones, with I or 2 inverted 
ovules at the base of each scale ; embryo in the axis of fleshy and oily albumen, di- or 
poly-cotyledonous. Under thus tribe are included the following sections and sub- 
sections : — 

A. Scales 2-secded, seeds adnate to tlie scale, and at length separating from it ; 
anthers bilocular. 

a. Scales with a thickened apophysis, which is either entire or dimidiate. 

Pinus . — Leaves in twos, threes, fours, or fives. 

b. Scales without an apophysis. 

* Leaves solitary. 

Abies. — Scales deciduous, leaves flat. 

Picea . — Scales persistent, leaves tetragonous. 

Tsuga . — Scales persistent, leaves flat. 

* * Leaves fasciculated. 

Fig. 732.— Scale of a young cone seen on the insido. c, The scale, i, The point hv which it 
is attached to the axis of the cone, o n f The two linked inverted ovules, m, Their upper open- 
ing or foramen to which the pollen is applied. The foramen was formerly described errone- 
ously as a stigma. 

Fig. 733. — A scale from a mature cone, e, The scale, i, Point of insertion, g, One of the 
winged seeds ; the other having been removed. 

Fig. 784.— The seed cut longitudinally, a, Base of the wing, t. Integument p, Peri6perra 
(albumen), e, Folycotyledonous embryo. Near tlie radicle are the remains of two other abor- 
tive embryos. 
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Lartx , — Leaves fiat, annual. 

Cedrus . — Leaves tetragonous, perennial. 

B. Scales 1 -seeded, seed adnate to the scale, and not separating from it, anthers 
multilocular. 

Araucaria ( Eutassa and . 

C. Scales 1- or many-seeded, seeds free, anthers bi- tri- or multi- locular. 

Dammam. — Anthers multilocular. 

Cunmnfjhamla . — Anthers trilocular. 

A rthroiaxis . — Anthers bilocular. 

2. Cupressinem, the Cypress tribe : ovules erect; fruit an indurated cone (fig. 477), or 

fleshy, with the scales connected, forming a galbulus (fig. 478); embryo di- or 
poly-cotyledonous. Examples — Cupressus, Juniperus, Tltuya, Taxodium, Crypto- 
meria, t'allitris. 

3. Taxinea!, the Yew tribe: anthers usually bilocular, with longitudinal dehiscence; 

fertile ffowers, solitary, terminal ; ovule solitary, sessile in the centre of a fleshy 
disk, when in fruit forming a sort of drupe (fig. 442); embryo dicotyledonous. 
Examples — Taxus, Fodocarpus, Dacrydium, Phyllodadus, Salisburia. 

4. Gnctacem, the Joint-fir tribe : male flowers with a perianth, anthers uni- or qnadri- 

looular, opening hy a short cleft ; ovules with a projecting pioeess formed from the 
intimate covering of the nucleus; seed solitary; embryo with along spirally-twisted 
funiculus ; stems jointed ; zones of wood, often separated by marked cellular circles 
(tig. 104). Examples — Gnctuin, Ephedra. 

The order embraces 31 known genera, and 1 Go species, according to 
Bindley . Zucearini enumerates 208 species of Conifene, — in the nor- 
thern hemisphere, 105, and in the southern, 51 ; some species being 
common to both hemispheres. 

104(5. The plants of this order furnish valuable timber, and yield 
various important products, such as turpentine, pitch, and resin. The 
various kinds of Pine, Fir, Spruce, and Cedar, belong to this family, 
Eutassa (Araucaria) excelsa is the Norfolk-island Pine, famed for its 
size and for its wood. Ccdrus Libani is the Cedar of Lebanon, the pK 
of the Bible, while Calms Deodara is the Deodar or Himalayan Cedar. 
By exudation, and partly by the aid of heat, the plants of this order 
yield various kinds of turpentine, resin, tar, and pitch. Common 
turpentine is procured from Finns sylvestris , the Scotch Fir, Finns 
Pinaster , the Cluster Pine, and var. maritima , Bourdeaux Pine, Finns 
palustris , Swamp Pine, and Finns Tcrda , Frankincense Pine. Oil 
of turpentine is obtained from it by distillation. Venice turpentine 
and Strasburg turpentine are the produce of Abies Ficea ( Abies or 
Picca pectinata), the Silver Fir, and Jxirix europtru, the Larch; while 
Canada Balsam is collected from Abies or Ficea balsamea , Balm of 
Gilead Fir, and A. canadensis , Hemlock Spruce. Dammam australis , 
the Kawrie-trec of New Zealand, yields a. hard resin, and so does D. 
orientally the Amboyna Pitcli-trce. Callitris qvadrivakis {Thuya 
articulata ), the Arar-tree, supplies a solid resin called Sandarach or 
Pounce, which is used to strew over manuscripts. Thus, or Common 
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Frankincense, and Burgundy-pitch, are yielded by Abies excelsa , Norway 
Spruce Fir. Pinus Pumilio gives Hungarian balsam, Finns pinea , the 
Stone Pine, is the source of Carpathian balsam. Essence of Spruce, used 
in making Spruce-beer, is got by boiling in water the leaves of the Scotch 
Fir {Pinus sylvestris), the Black Spruce (Abies nigra), and other 
species. A kind of Manna is procured from the Larch and from the 
Cedar of Lebanon. The Bark-bread of the Norwegians is prepared 
from the inner bark of Pinus sy/vestris. These various kinds of resin 
and pitch are used for stimulating and healing plasters, while the oil 
of turpentine (oleum tcrebinthmr) is employed medicinally as a stimu- 
lant, diuretic, cathartic, and anthelmintic. The vapour of tar has been 
recommended in affections of the chest. The succulent cones (fig. 
478) (commonly called berries) of Juniper us communis, Common 
Juniper, and the oil procured from them, are used medicinally as 
diuretics. The oil enters into the composition of the spirituous liquor 
called Hollands. The young branches and leaves of J uniperm Sabina, 
Savin, contain an active volatile oil, which is used as an anthelmintic 
and emmenagogue. in large doses it acts as a violent irritant poison. 
The wood of J uni] terns Bermudiana furnishes Pencil Cedar. J \ 
Virgiuiana, the Red Cedar, yields a rubefacient oil. Thuya occi - 
dental/s is the common Arbor- vitae of gardens. Thuya orientalis is 
also in cultivation. Cupressus smpervircus, common Cypress, yields a 
durable wood, which is supposed to be the Gopher-wood, "W, of the 
Bible. Podocarpvs Totarra and Dacrydimn taxi folium, both supply 
good timber in New Zealand. Tarns baccata, the Yew, is a valuable 
timber tree. It yields resin, and its leaves and seeds are said to be 
narcotico-acrid. Salisburia has remarkable cuneate leaves, and the fruit 
of S. adiant folia, the Ginko, is said to be eatable. Gnetum wens has 
singular stinging hairs within the episperin or outer integument of 
the seed. 

1047. Order 181. — fycadacca*, the Cycas Family. (A chlamyd. 
Diclin.) Flowers unisexual. Males collected into cones, the scales 
bearing on their lower surface 1 -celled anthers, which are united 
often in sets of two, three, or four. Females consisting of naked 
ovules, placed at the base of flat scales, or beneath peltare ones, or 
seated on the margins of altered leaver Seeds hard and nut-like, 
sometimes with an external spongy coat; embryos 1 or 2, suspended 
in a central cavity; albumen fleshy or mealy; cotyledons unequal; 
radicle superior, having a long cord-like prolongation by which the 
embryo is suspended. — Trees or shrubs, with cylindrical trunks, 
usually simple, sometimes dichotomous, marked with the scars of the 
leaves, and in many respects having the aspect of Palms (fig. 817). The 
internal structure is more or less distinctly that of dicotyledons. Pitted 
tissue and spiral vessels occur. The leaves are pinnate, and their ver- 
nation is circinate, thus resembling ferns. The plants of this order are 
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found in the temperate and warm regions of America and Asia, as well 
as at the Cape of Good Hope. There are 6 genera, according to Lind- 
ley, and 45 species. Examples — Cycas (fig. 817), Zamia (fig. 818). 

1048. The Cycadaceous family yields much starchy matter, along 
with mucilage. From the stems of Cycas revoluta and circinaUs , a 
'kind of Sago is made. A clear insipid mucilage also exudes from 
them, which hardens into a transparent gum resembling tragacanth. 
Zamia pumila , and oilier species in the W est Indies, supply an amy- 
laceous matter which has been sold as Arrow-root. The Bread-tree 
is a name applied by the Hottentots to various species of Encephalartos. 

Class II. — Monocot yijcdones, Just. Endogen je, JJC. Endogens ani> Dio- 
tyogens, Limll. Ampiiibtiya, Endl. 

1 049. In this great class the plants have a cellular and I'asculur 
system, the latter consisting pari ly of elastic spiral vessels (fig. 51). 
The woody stem (as in Palms, fig. 115, Ijlis usually more or less 
cylindrical, simple, and unbranched. There is no true separable bark, 
no concentric zones, and no true pith (figs, 112, 118). The wood is 
endogenous, i, e. increases by additions, which first tend towards the 
centre, and then curve outwards in an interlacing manner (fig. Il l, 2) 
towards the circumference, where much hard ligneous matter is de- 
posited, so as to make the exterior the hardest part (ligs. 82fi, 827). 
The development of the stein usually takes place by a single central and 
terminal bud; occasionally lateral buds are produced (fig. 115, 2), and 
at times the stem is hollow. The leaves are parallel- veined (figs. 185, 
178, 194), except in the subclass Dietyogens, where a kind of reticula- 
tion is visible. The parts of the jfoirer are arranged in a ternary man- 
ner (fig. 588), and they are often petaloid (fig. 200), sometimes scaly or 
glumaceous. The ovules are contained in an ovary, and are fertilized 
by the application of the pollen to the stigma. The embryo has one 
cotyledon (fig. 504), and the germination is endorhizal (fig. 527). 

Subclass 1. — DlCTYOGENiE.* 

1050. Leaves reticulated, often articulated with the stem, branches 
having the usual structure of Endogens, rhizomes or underground 
stems having the woody matter disposed in a compact circle, or in 
wedges containing central cellular tissue, and often showing medullary 
processes. 

1051. Order 182. — Dioscoreaccns the Yam Tribe. (Movo-epigyn.) 
Flowers unisexual. Perianth G-divided, adherent. J. Stamens G, 
inserted into the base of the perianth ; anthers introrse, with longitu- 
dinal dehiscence. 2. Ovary inferior, 3-cel led; ovules 1-2, anatropal; 

* Ai'zruev, a net, and ytvv&tof to produce, 

2 K 
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style bifid ; stigmas undivided. Fruit a compressed trilocular capsule, 
with 2 cells, sometimes abortive, occasionally fleshy and indehiscent. 
Seeds compressed, winged or wingless, in the succulent fruit, ovate ; 
embryo small, near the hilum, lying in a large cavity of cartilaginous 
albumen.— Twining shrubs, with large epigcai or liypogeal tubers, 
alternate, sometimes opposite, reticulated leaves, and small, spiked, 
bracteated flowers. Natives chiefly of tropical countries ; a few only 
found in temperate regions. There are G genera, according to Lindley, 
and 110 species. Examples — Dioscorea, Tainus. 

1052. Although farinaceous matter exists in the tubers of many 
species, yet there is a prevalent acridity throughout the order. Vari- 
ous species of Dioscorea , as D. alata , saliva , and aenleata, produce the 
tubers called Yams, which are used in warm countries as a substitute 
for the potato. Testvdinaria Elephantipes is the Tortoise plant of the 
Cape, or Elephant’s-foot, so called on account of its peculiar shortened 
and thickened stem (f 92). Tamus communis , Black Bryony, is com- 
mon in 1 tedges in Engloitfl. It produces red succulent fruit, and has 
a large root, which is acrid. The acridity of the order sometimes 
manifests itself in purgative qualities. 

1053. Order 183. — Smtlaeew, the Sarsaparilla Family. (Mono- 
peripifn.) Flowers bisexual or polygamous. Perianth potaloid, 6- 
parted. Stamens f>, inserted into the base of the perianth, rarely 
hypogynous. Ovary free, 3- celled ; cells uni- or multi-ovulate ; ovules 
orthotropal ; styles usually 3-cleft; stigmas 3. Fruit globular and 
succulent. Seeds with fleshy, cartilaginous albumen ; embryo very 
small ; usually distant iroin the liiluni.- — Ilerbs or undershnibs, often 
climbing, with netted- veined leaves. Natives of the temperate and 
tropical regions of Asia and America. There are 4 or 5 known genera, 
and upwards of 120 species. Examples — Smilax, Philesia. 

1054. Mucilaginous and demulcent properties prevail throughout 
the order. The root of various species of Smilax constitutes the Sar- 
saparilla or Sarza of the pharmacopoeias. Lima? us considered Smilax 
Sarsaparilla , a native of the United States, as the plant which furnished 
Sarsaparilla, but recent observers state that this is not tlie case. The 
following are enumerated as sources whence Sarsaparilla of various 
kinds is derived : — 

1. Smilax officinalis, found in woods near the Rio Magdalena in Columbia. It fur- 

nishes Jamaica Sarza, which is the best in the market. 

2. Smilax medica, native of the Mexican Andes. It is thought to furnish Vera Cruz 

Sarza. 

3. Smilax syphilitica, found in Brazilian Guiana. It in part supplies Brazil and 

Lisbon Sarza. 

4-. Smilax cordato-ovata, a Brazilian species. Brazil Sarza in part. 

6. Smilax papyracea, a Brazilian species. Brazil and Lisbon Sarza in part. 

6. Smilax Brasiliensis, a Brazilian species. Brazil Sarza. 

7. Smilax, sp. ? from Angostura, supplies Rio Negro Sarza. 

S. Smilax, sp. ? from Honduras, supplies Honduras Sarza. 
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Besides these species, which supply in a greater or less degree the 
officinal drug, there are others which furnish substitutes in different 
countries, viz. : — 

9. Smilax Purhampuy, a Peruvian species. 

10. Smilax cxcclsa and aspcra, are used as substitutes in Europe. 

11. Smilax Zevlanica, glabra, perfoliata, and leucophylla, in A,>ia. 

12. Smilax Cliina, a Chinese plant yielding China-root. 

13. Smilax Pseudo-China, from the United States. 

The officinal part is the roots which coiue olT from the rhizomes. The 
roots are mucilaginous, bitterish, and slightly acrid. They contain 
mucilage, starch, oil, rosin, and a crystalline principle called Pariglin 
or Smilaein. * Sarsaparilla is used in decoction and infusion, as a tonic 
and alterative, in cachectic and syphilitic cases. 

1055. Order 184. — Trllliaceas the Trillium Family. (. Mono-peri - 
gym) Flowers usually bisexual. Perianth in (>, sometimes 8 divisions, 
coloured or herbaceous. Stamens (5, 8, or 10; filaments subulate; 
anthers linear, with a prolonged connective. Ovary free, 3- 4- or 
5-celled; styles as many, distinct; ovules 00, auatropal. Fruit suc- 
culent, 3- 4- or 5-celled. Seeds 00 ; embryo minute, in fleshy albu- 
men. — Natives of* the temperate parts of Europe, Asia, and America. 
Some*, of them are more or less acrid, others are narcotic. The rhizome 
of Trillium ccrnnvm is used as an emetic. Paris tjuadri folia , Herb 
Paris, is narcotic. There are about 10 known genera, and upwards 
of 60 species. Examples — Tri Ilium, Paris, Triuris? 


Subclass 2 . — Piotaloideaj. 

1056. Flowers having usually a perianth consisting either of verticil- 
late leaves, which may sometimes be separated into calyx and corolla, 
and are often coloured (petaloid), or of a few whorled scales. Occa- 
sionally the perianth is abortive. 

a. Perianth adherent , Ovary inferior , Flowers usually hermaphrodite . 

1057. Order 185. — II ydrot'linriclace tr, the Frog- bit Family. {Mono- 
epigyn . ) Flowers spathaceous, unisexual, rarely Perianth with a 
6-part ile limb, the 3 outer segments herbaceous, and equivalent to the 
calyx, the 3 inner petaloid, and equivalent to the corolla. Stamens 
definite or indefinite, cpigynous. Ovary adherent, 1 or many-celled ; 
ovules 00, anatropal, frequently attached to parietal placentas; stigmas 
3-6. Fruit dry or succulent, indehisccnt, uni- or plurilocular. Seeds 
numerous, exalbuminous ; embryo straight, radicle remote from the 
hilum. — Floating or aquatic plants, with parallel-veined leaves, some- 
times spiny. Chiefly found in Europe, Asia, and North America. 
The plants of this order are not remarkable for them properties. 
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Some are mucilaginous and astringent. Vallisneria spiralis (fig. 228) 
is a dioecious plant, tlie male flowers of which, at the time of flower- 
ing, are said to be detached from the mud of the water in which 
they grow, and to float on the surface. At the same time the female 
flower developes a long spiral peduncle, by means of which it reaches 
the surface of the water, so as to allow the application of the pollen 
(IT 496). The order has been divided into two sections : — 1. Vallis- 
nerieae. ovary 1 -celled. 2. Stratioterc, ovary many-celled. There are 
12 known genera, according to Lindloy, including 20 species. Exam- 
ples — Vallisneria, Udora, Anaeliaris, Sfcratiotes, Uydrocharis. 

1058. Order 1<S6. — Orchidacca*, tlie Orchis Family. (Mono-epigyn.) 
Flowers bisexual. Perianth adherent, herbaceous, or coloured, with a 
6-partitc limb (fig. 736 pc, pi), the segments being arranged in 2 
rows; exterior row (fig. 735 cc), called the calyx (although Lindley 
says it is more properly the corolla, the true calyx or calyculus being 
usually abortive), consisting of 3 segments (rarely 2 by adhesion), the 
odd one of which is often next the axis by a twisting of the ovary; 
interior row (fig. 735 ci\ called the corolla (regarded by Lindley 
as petaloid stamens), consisting usually of 3 segments (very rarely 1), 
the odd one of which is called the labellum or lip. This labellum 
(figs. 735, 736, 737 /) frequently differs from the other divisions of the 
perianth, assuming remarkable forms, being lobed, spurred at the 
base, or furnished with peculiar appendages, which are sometimes 
derived from the stigma. It is sometimes divided by contraction, so 
as to exhibit three distinct portions, the lowest being the hypochilium 
(uKb, under, and %<7Xoc, lip); the middle, mesoehilium (/xstrog. middle); 
and the upper, tlie epichiliuin (sV/, upon or above). Stamens 3, epi- 
gynous, united in a central column along with the style; the two 
lateral stamens are usually abortive (fig. 736 ss), the central one oppo- 
site the odd exterior segment being fertile (fig. 736 e ) ; but at times 
the two lateral are fertile, and the central one is abortive ; anthers 1-2- 
4 -celled (fig. 738); pollen powdery or cohering in definite (fig. 744) 
or indefinite waxy masses (pollinia) (figs. 739, 743), which often ad- 
here by a caudicle (fig. 743 c) to a gland connected with the beak 
(rostellum) of the stigma. This gland is sometimes naked, at other 
times in a sac or pouch (bursicula). Ovary adherent, 1 -celled (fig. 
740), composed of 6 carpels, of which 3 only are placcntiferous (Lind- 
ley) ; style incorporated with the column (gynostemimn, yvvri, pistil, 
and GTrgxm, stamen) ; stigmas a viscid hollow space in front of the 
column (fig. 737 6*), communicating directly with the ovary by an open 
canal. The upper part of the united stigmas is often extended into a 
beak-like process (rostellum). Placentas 3, parietal (fig. 457, 740). 
Fruit a capsule, opening by 3 or G valves, rarely fleshy, and indehis- 
cent. Seeds 00, very minute, with a loose reticulated spermoderm 
(fig. 741), exalbiuninous ; embryo solid, fleshy (fig. 742); large radicle 



ORCHIBACE^. 


517 


next the hilum. — Perennial herbs or shrubs, with fibrous or tubercular 
roots (fig. 121), either no stem or a pseudo-bulb, entire parallel-veined 
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Figs, 735-741.- Flower of Spirantlies autnmnalis, to illustrate tlie natural order Orchidacetc. 

Fig. 735.— Flower after the ovary has twisted on itself, seen laterally, o, Ovary with the 
adherent perianth, c. e. Outer divisions of the, perianth, called by some calyx, and by Lindley 
corolla. ci, Inner divisions of the perianth, called by some the corolla, and considered by 
Lindley as petaloid stamens. I, The labellum or lip, being the lower of the three inner seg- 
ments. 

Fig. 736. — Diagram of the flower in the young state, before the twisting of the ovary has 
taken place, a , The axis of the spike of flowers, pr, pe, pe, ( inter perianth, pi, pi, Two divi- 
sions of the inner perianth. I, Third division of the inner perianth, in this state placed next 
the axis, e, Fertile anther, ss, Two abortive anthers or staminodia. o, Ovary. 

Fig, 737.— Summit of the flower cut vertically, o, Adherent ovary with parietal ovules, g. 
Z, Labellum or lip. s, Stigma, a, Anther. 

Fig. 738— Anther separated. Its inner surface shown with its two cells. 

Fig. 730.— Granular pollen masses taken from the author. 

Fig. 740.— Horizontal section of the ovary, w ith three parietal placentas bearing numerous 
ovules. 

Fig. 741. — A seed separated, with its external reticulated integument, t. 

Fig. 742. — Embryo of Aceras anthropophoi a deprived of its integuments. 

Fig. 743.— Follen masses (Poliinia) of Orchis maculata, with the grains united in little conical 
masses, <?, Gaudicle terminated by the retinaculum and glands. 

Fig. 744, — The conical masses which the pollen grains form by their cohesion. 



518 


ZINGIBERAC EjE OR SCITAMINE,®. 


often sheatliing leaves, and generally showy, attractive flowers. Some- 
times buds are produced on the margins of the leaves (fig. 214). They 
are natives of almost all parts of the world, but they abound in moist 
tropical regions. They are not found in the arctic regions, nor in very 
dry climates. Some are terrestrial, and others arc epiphytic. The 
former are commonly seen in temperate climates, the latter in warm 
regions. Disa gran dijl ora is found on Table Mountain at an elevation 
of 3,582 feet. The only known locality for it is in a marshy hollow 
near the eastern extremity of the. summit, where it is abundant among 
rushes on the margins of small pools and streamlets in a 1 flack boggy 
soil. Two rare species of Disa an; also seen there, I), ferruginea and 
tenui folia, Oncidhm vnbigennm is found on the Andes, near Quito, at 
an elevation of 14,000 feet above the level of the sea. .Epidendrum 
frigidum occurs in Columbia at an elevation of 12,000 to 13,000 feet 
(mean temperature 40°), and is covered with a sort of varnish. Lind- 
ley, who is our best authority on Orchids, has divided them into 
various tribes, lie enumerates 390 genera, including about 3000 
species; of these, 10 genera and 40 species are British. 

1059. The plants of this order are well distinguished by the pecu- 
liar forms of their flowers, their remarkable lip, gynandrous stamens, 
and pollen masses. Their flowers often resemble insects, as butter- 
flies, moths, bees, flies, and spiders ; or birds, as doves and eagles ; 
or reptiles, as snakes, lizards, and frogs. The colours and spots on 
the perianth sometimes give the appearance of the skins of quadrupeds, 
as the leopard and tiger. These resemblances are often indicated in 
the generic and specific names. The labellum, in some instances, dis- 
plays peculiar irritability 005). 

1000. Mucilaginous properties occur in many of the plants of this 
order. Some are aromatic and fragrant ; others are antispasmodic 
and tonic. The tuberous roots of some yield a nutritious substance 
called Salep, which consists chiefly of bassorin, some soluble gum, and a 
little starch. The orchid yielding it is not well known ; some say 
that it is Orchis mascnla , others O. papilionacm, Morio and wilitaris , 
others Eidophia vera and campcstris . Salep forms an article of diet 
fitted for convalescents, when boiled with water or milk. The roots 
of Aplectrum hjemale contain a very glutinous matter, and hence the 
plant is called in America Putty-wort. The fleshy pod-like fruit of 
Vanilla planifolia, claviculata , and other species, constitutes the sub- 
stance called Vanilla, which is used in confectionery, and in flavour- 
ing chocolate. It contains an oil and much benzoic acid. A blue 
colouring matter has been found in some of the orchids. The 
odour of many of them is very fragrant ; sometimes it is oppressive ; 
at other times, as in Malachadenia clavata , it is very fetid, resembling 
carrion. 

1061. Order 187. — 2Mngiberaee«, or Scitainlnea*, the Ginger 
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Family. (Mono-epigyn.) Perianth superior, in 2 whorls ; outer (calyx) 
tubular, 3-lobed, short; inner (corolla.) tubular, elongated, 3-parted, 
segments nearly equal. Stamens in 2 whorls ; outer sterile, petaloid, 
having the appearance of a 3-parted corolline whorl, with the inter- 
mediate segment (labellum) larger than the rest, and often 3-lobed, 
sometimes the lateral segments are inconspicuous or nearly abortive ; 
inner stamens 3, the two lateral being abortive, the intermediate one 
opposite the labellum, fertile ; filament not petaloid, often prolonged 
beyond the anther ; anther 2-celled, dehiscing longitudinally. Ovary 
3-cellcd, or imperfectly so ; ovules several, anatropal, attached to a 
placenta in the axis; style filiform; stigma dilated, hollow. Fruit 
usually a 3-celled capsule, sometimes baccate. Seeds roundish or 
angular, sometimes with an arillns ; embryo enclosed in a vitellus 
(the remains of the embryo-sac), surrounded by farinaceous albumen, 
which is deficient near the hilum. — Herbs, with a creeping rhizome, 
and simple sheathing leaves, having parallel veins proceeding from the 
midrib to the margin. The flowers arise from membranous spathaceous 
bracts. Natives of' tropical countries. Lindley mentions 29 genera, 
and 247 species. Examples — Zingiber, Curcuma, Aiuomum, Hedy- 
clnum, Renealmia. 

10G2. Plants often with showy flowers, having aromatic stimulant 
properties, which reside chiefly in their rhizome or root, and in their 
seeds. Some yield starchy matter. The rhizome of Zingiber officinale 
(Ainomi/iu Zingiber), constitutes the Ginger of commerce, which is im- 
ported from the East and West Indies. In the young state the 
rhizomes are fleshy and slightly aromatic, and they are then used as 
preserves ; while in a more advanced state, the aroma is fully devel- 
oped, their texture is more woody, and they are then fit for ordinary 
ginger. When dried, after immersion in hot water, they form Black 
ginger ; when simply dried in the sun, after being cleaned, they re- 
ceive the name of White ginger. The rhizome contains an acrid rosin 
and volatile oil, starch and gum. It is used as a tonic and carminative, 
in the form of powder, syrup, and tincture. Curcuma i longa , a native 
of Eastern Asia, furnishes Turmeric. This consists of the branches of 
the rhizome, or root-stock. Its powder is lemon- yellow, mid it is 
used as a dye-stuff. It contains starch, an acrid volatile oil, and a 
yellow colouring matter called Curcumin. It is employed medicinally 
as an aromatic carminative, and, as a condiment, it enters into the 
composition of curry-powder. The root-stocks of Alpima racemosa , 
and A. Galanga , Galangule, and many other plants of the order, have 
the same properties as ginger. Various species of A rnomum, Elettaria , 
and Renealmia , appear to furnish the Cardamoms of the shops, which 
consist of the oval trivalvular capsules containing the seeds. The 
following are some of the sources whence Cardamoms are pro- 
cured ; — 
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1* Amomtim Cardamomnm, a Java plant, supplies the round Cardamoms. 

2. A. angustifolium furnishes the large Madagascar Cardamoms, and also supplies 

some of the seeds called Grains of Paradise. 

3. A. maximum produces the Java Cardamoms of the London market. 

4. A. repens (Renealmia or Elettaria Cardamomum) is the source of Malabar Car- 

damoms. 

5. Elettaria major is said to yield Ceylon Cardamoms. 

The seeds of these plants are used as aromatic tonics and carminatives. 
Their active ingredient is a pungent volatile oil. Grains of Paradise 
are the seeds of A mow um Mekgueta , Melegueta Pepper, and have the 
same properties as Cardamoms. East Indian Arrow-root is procured 
in part from Curcuma angustifolia , and a similar kind of starch is 
yielded by Curcuma Zerumbet , < 7 . kucorliiza , and Alpinia Galanga . 

1003. Order 188. — Harantacca* or Cannaceo*, the Arrow-root 
Family. (Af ono-epigt/n.) Perianth superior, in 2 whorls; outer 
(calyx) 3 dobed, short; inner (corolla) tubular, elongated, 3 -parted, 
segments nearly equal. Stamens in 2 whorls ; outer sterile, petaloid, 
irregular, resembling a tubular trifid corolla, with one of the lateral 
segments different from the others ; inner petaloid, 2 sterile, and 1 
lateral fertile ; filament of the latter petaloid, entire, or 2-lobed ; an- 
ther on the ; margin of the filament, 1 -celled, dehiscing longitudinally. 
Ovary 3-cellcd, rarely 1 -celled; ovules solitary and erect, or numer- 
ous and attached to the axis ; style petaloid or swollen ; stigma either 
the naked apex of the style, or hollow, hooded, and incurved. Fruit 
a 3-celled capsule, or baccate, 1 -celled and 1 -seeded. Seeds round, 
without arillus ; embryo straight, in hard, somewhat lloury albumen, 
without a vi tell us ; radicle lying against the hilum (fig. 527). — Herba- 
ceous plants, with tuberous rhizomes, and leaves and flowers similar 
to those of the Ginger family. They are natives of tropical regions. 
Lindley enumerates 0 genera, including 100 species. Examples — 
Maranta, Camia, Phryninm. 

1064. The plants of the order contain much starch in the rhizomes 
and roots. They are destitute of aroma. Arrow-root is the produce 
of the tuberous rhizomata of Maranta arundinacea and M. indica* 
The best West Indian arrow-root comes from Bermuda. Its globules * 
arc much smaller and less glistening than those of tous-les-mois or 
potato starch. Amylaceous matter of* a similar kind is produced from 
other species of Maranta , as well as from species of Canna. Tous-les- 
mois is the produce of Ganna coccinea , C. Achiras , C. edulis , &c. 
The seeds of Gannas are round and black, and are commonly known 
under the name of Indian shot. They have been used as a substitute 
for coffee. Calathea zebrina , Zebra plant, is so called from the peculiar 
variegation of its leaves, which have a velvety aspect. Barneoud states 
that the two outer verticils of die flowers in Camas are always 
developed, one after the other, precisely like the calyx and corolla ; 
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while the verticil, sometimes called petals, is really metamorphosed 
stamens, and hence its irregular aspect. 

10G5. Order 189. — Jtfnsaceop, the Banana Family. ( Mono-epigyn .) 
Perianth 6-cleft, adherent, petaloid, in 2 whorls, more or less irregular. 
Stamens G, inserted on the middle of the segments of the perianth, 
some usually abortive ; anthers linear, dithecal, introrse, often with a 
membranous petaloid crest. Ovary inferior, 3-celled ; ovules numer- 
ous, anatropal ; style simple ; stigma usually 3-lobed. Fruit either a 
3-celled capsule, with loculicidal dehiscence, or succulent and indehis- 
cent. Seeds sometimes surrounded by hairs; testa usually crusta- 
ceous ; embryo erect, in the axis of mealy albumen ; radicle touching 
the hilura. — Plants without true aerial stems, or nearly so, having 
shoots proceeding from subterranean root-stocks, which form spurious 
stems, composed of the sheathing leaf-stalks. Wins in the limb of the 
leaf parallel, and proceeding in a curved manner from the midrib to 
the margin (tig. 135). Flowers bursting through spathas. Natives 
of warm and tropical regions. There are 5 known genera, and 21 
species. Examples — Musa, Strelitzia, Raven ala. 

106G. The plants of this order furnish a large supply of nutritious 
fruit, aud their leaves alibi’d valuable fibres. Spiral vessels abound in 
them. Musa sapientum and Cavendish! i furnish different kinds of 
Banana, while M. paradisaica yields the Plantain. These fruits in 
their ripe state contain much starchy matter. From their spurious 
stems, the fibres of the spiral vessels maybe pulled out in such quantity 
as to be used for tinder. The ribbon-like fibre in these vessels is 
composed of several threads united together (pleiotrachea*) (fig. 51). 
The produce of the Banana is of great value to the inhabitants of 
warm countries. The same extent of ground which in -wheat would 
only maintain two persons, will yield sustenance under the Banana 
to fifty. Musa textilis yields a kind of woody fibre, which is used in 
India in the manufacture of fine muslins. The woody tissue of many 
species of Musa is used for manufacture in warm climales. The 
young shoots of the Banana are used as a culinary vegetable. Urania 
speciosa or llavenala is the Water-tree of the Dutch, so called on 
account of the great quantity of water which flows from its stem or 
leaf-stalk when cut across. 

1067. Order 190. — Iridacea*, the Iris Family. {Mono-epigyn.) 
Perianth adherent, 6-parted, coloured, in 2, often unequal whorls 
(figs. 745, 746). Stamens 3, epigvnous, opposite the outer segments 
of the perianth (figs. 745, 74 G <?e); filaments distinct or monadelphous; 
anthers 2-celled, extrorse. Ovary inferior (fig. 74G 6), 3-celled; ovules 
numerous (fig. 746 g) y anatropal ; style 1 ; stigmas 3, often petaloid 
(fig. 746 s), sometimes bilabiate. Fruit a 3-celled, 3-valved capsule, 
with loculicidal dehiscence (fig. 448). Seeds numerous ; embryo en- 
closed in horny or fleshy albumen ; radicle next the hilum (fig. 747). 
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— Herbs, rarely undershrubs, with rhizomes or underground corms, 
having their leaves often equitanfc or distichous, and their flowers 
spathaceous. Natives chiefly of warm and temperate regions. They 
abound at the Cape of Good Hope. There are 53 known genera, and 
550 species. Examples — Iris, Sisyrinchium, Witsenia, Gladiolus, 
Ixia, Crocus. 

10G8. Some of the plants have fragrant and stimulant, and some 
acrid, rliizomes and corms ; others yield dyes. The root-stock of Iris 
Florentina yields orris-root, which has a pleasant odour like violets, 
and an acrid taste, depending on the presence of a volatile oil. It is 
imported from Florence and Leghorn. Orris-root is used chiefly for 
giving a pleasant odour to the breath, and in perfumery and tooth- 
powder. Orris-root starch is used for hair powder. Crocus sativum, the 
Dana of the Old Testament, furnishes the colouring material called 



Saffron. It consists of the stigmata., which have a fine deep-orange 
colour. These stigmata are either dried in the loose state, forming Hay 
Saffron, or compressed into masses, constituting Cake Saffron. The 
yellow colouring ingredient is Polychroite. Saffron contains an active 

Figs. 745-747.— Organs of fructification of Iris Cermanica, to illustrate the natural order 
Iridacesp. 

Fig. 745.— Diagram of the flower, showing six divisions of the perianth in two verticils, three 
extrorso stamens, and the 3-celled capsule with numerous ovules, a, Position of the axis of 
inflorescence. 

Fig. 746.— Vertical section of the flower. ce f Outer divisions of the coloured perianth, 
ci, Inner divisions of the perianth, t, Tube of the perianth, above the part which is adherent 
to the ovary, o, Inferior 8-ceIled ovary, g, Numerous anatropal ovules. ee f Stamens, as 
Petaloid stigmas. 

Fig. 747.— Seed separated and cut longitudinally, t, Integuments (spermoderm). p, Peri- 
sperm. e, Embryo enclosed in the perieperra. m, Micropyle (foramen). 



BtTRMAXXIACEiE — HiEMODORACEAE — AMARYLLIDACE.E. 


523 


volatile oil, and it lias been used in tlie form of tincture and syrup, 
as an emmenagogue and antispasm odic. The stigmata of Crocus autiiiv- 
nalis and (7. odoms, also supply saffron. The roasted seeds of Iris 
pseudacorns have been used as a substitute for coffee. 

1061). Order 191. — Bnrimnniaeear, the Burrnanriia Family. (. Mono - 
epigyn,) Perianth coloured, tubular, 0-cleft, the three outer segments 
(calyx) often keeled at the back, the three inner (petals) minute. 
Stamens 3, inserted in the tube of the perianth, opposite its inner 
segments, sometimes witli 3 alternating sterile filaments ; anthers 
dithecal, opening transversely, with a fleshy connective. Ovary in- 
ferior, either 1- or 3-celled, in the latter case the cells opposite the 
outer segments of the perianth ; ovules 00 ; style simple; stigmas 3. 
Fruit a 1 -3-celled, 3-valved capsule, crowned by the persistent peri- 
anth. Seeds 00, minute*, striated. — Herbs, with radical leaves and 
bisexual flowers. Natives of moist grassy places in tropical regions. 
They have? no properties of importance. There are about 10 known 
genera, and 35 species. Examples — Biirrnannia, A pterin, Apostasia? 

1070. Order 192. — Hurniodoraccw, the Blood-root Family. (J Mono- 
epigyn,) Perianth pehdoid, more or less woolly, 6-cleft. Stamens 
inserted on the perianth, either 3, and opposite the inner segments of 
the perianth, or 6 ; anthers introrse. Ovary adherent to the tube of the 
perianth, usually 3-celled, rarely 1 -celled ; ovules 1-2 or numerous; 
style simple ; stigma undivided. Fruit a 3-va.lved capsule, sometimes 
indehiscent. Seeds either definite or 00, sometimes peltate ; embryo in 
cartilaginous albumen. — Herbs witli fibrous roots, equitant distichous 
leaves, and bisexual flowers. They are found in various parts of the 
world, more especially in the warm parts of South America, at the 
Cape of Good Hope, as well as in North America, and Australia. 
Lindley mentions 13 genera, and 50 species. Examples — Hannodorum, 
Anigosanthus, Yellozia, Barbaeonia. 

1071. The plants receive the name of Blood-root, from the red 
colour of their roots, which are used for dyeing. Velloztas , Tree 
Lilies, give a decided feature to the vegetation of the mountains of 
Minas Gcraes in Brazil. Their trunks are covered by the withered 
remains of the leaves, and their branches are dichotomous, and bear 
tufts of leaves at the extremities. The outer surface of their stems 
is covered thickly with numerous adpressed rootlets. 

1072. Order 193. — Amaryllidacew, the Amaryllis Family. {Mono- 
epigyn .) (Fig. 251). Perianth petaloid, regular, 6-cleft, the outer 
segments overlapping the inner. Stamens 6, inserted in the perianth, 
sometimes cohering by the dilated bases, and forming a kind of cup ; 
occasionally there are additional sterile stamens, which sometimes 
form a corona above the tube of the perianth; anthers introrse. Ovary 
inferior, 3-celled ; ovules 00, anatropal ; style 1 ; stigma 3-lobed. 
Fruit either a 3-celled, 3-valved capsule, with loculicidal dehiscence, 
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or baccate. Seed with a thin or thick, or black and brittle spermo- 
derm ; albumen ileshy ; embryo nearly straight ; radicle next the 
kilum. — Usually bulbous plants, sometimes with fibrous roots ; leaves 
ensiform, with parallel veins ; llowers spathaeeous ; stem sometimes 
woody and tall. Natives chiefly of the Cape of Good Hope, but 
species are found in Europe, East and West Indies, South America, 
and Australia. Liudley enumerates 08 genera, and 400 species, and 
he divides them into 4 tribes: — 1. Amarylleje, bulbs, flowers without 
a corona. 2. Narcissea?, bulbs, flowers with a corona. 3. Alstrb- 
meriesR, fibrous roots, outer segments of the perianth different in form 
from the inner. 4. Agaveoe, fibrous roots, both segments of the peri- 
anth alike. Examples — Amaryllis, Galanthus, Grinum, Narcissus, 
Alstrbineria, Agave. 

1073. The bulbs of many plants of this order have narcotic poison- 
ous qualities. Some of them act as emetics, others are used in the pre- 
paration of a kind of intoxicating spirit. The tough fibres of some are 
used for flax. The root of JLvmanthns taxi Garins is poisonous. The 
flowers of the Daffodil (Narcissus pseudo-narcissus) are also said to 
be poisonous. The fibres of Agave Americana , American Aloe, yield 
Pita flax. This plant does not flower often, but when flowering begins, 
it proceeds with great rapidity and vigour. Its roots are sometimes 
used to adulterate Harza. Its juice is fermented so as to form an 
intoxicating beverage. Agave Saponaria is used in Mexico for washing. 
Tlie bulbs of A ’arcissns poeiicus , N. Jomptilfa , N, odoms , N, pseudo- 
narcissus , N. Tazetta , and of some species of Pancratium are emetic. The 
Guernsey Lily is also reputed poisonous. Home A Istromerias are diu- 
retic. In A Istromerias (fig. 251), the leaves are twisted, so that what 
should be the upper surface becomes the lower. In Narcissus, the 
corona or crown of abortive filaments projects beyond the flower; while 
in Pancratium, the dilated filaments of the fertile stamens unite together, 
and are included within the perianth. Many ornamental garden 
plants belong to the order. 

1074. Order 194. — Ilypoxidaccw, the Hypoxis Family. ( Mono - 
epigyn. ) Perianth petaloid, superior, usually 6 -parted, regular. Sta- 
mens 6, inserted into the base of the segments of the perianth, fila- 
ments distinct ; anthers introrse. Ovary inferior, 3 -celled ; ovules 
numerous, amphitropal ; style simple; stigma 3-lobed. Fruit inde- 
hiscent, sometimes succulent, 1-2- 3-celled. Seeds 00, with a lateral 
hilurri and a beaked caruncle ; testa black and crustaceous ; embryo 
straight, in the axis of fleshy albumen ; radicle remote from the hilum. 
— Herbaceous and usually stemless plants, with tuberous and fibrous 
roots, radical plaited leaves, and simple or branched scapes. Natives 
of warm countries. Some have bitter roots, others have edible tubers. 
There are 4 known genera, including 60 species. Examples — Hypoxis, 
Curculigo. 
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1075. Order 195. — Bromellacea*, the Pine-apple Family. {Mono- 
perigyn.) Perianth tubular, 6 -divided, in 2 verticils; outer whorl 
(calyx) persistent, more or less adherent to the ovary ; inner petaloid, 
marcescent or deciduous, with imbricated activation. Stamens G, in- 
serted into the base of the segments of the perianth; anthers introrse. 
Ovary either free or partially adherent, 3 -celled ; ovules 00, anatropal ; 
style single ; stigma 3-lobed or entire, often twisted. Fruit capsular 
or succulent (figs. 25 G, 474), 3-cclled. Seeds 00; embryo minute, 
curved or straight, lying in the base of mealy albumen ; radicle next 
the hilum. — Stemless or short-stemmed plants, with rigid, channelled 
leaves, which are often spiny at the margin, and are covered with 
scurfy matter. Natives of the warm parts of America cliielly. There 
are 23 genera, according to Lindley, and 170 species. Examples — 
Bromelia, Ananassa, Tillandsia, Bonapartea. 

1076. The plants of this order are all more or less epiphytic, being 
able to grow without any direct attachment to the soil. In hothouses 
they are frequently kept suspended in moistened moss. Some of 
the Tillandsia s are hung from balconies in South America as air- 
plants. Tillandsia usneoides has the appearance of the Beard-moss (a 
lichen commonly seen on trees in Britain), and it is used for stuffing 
cushions, &c. The plant has been called Tree-beard or Black Moss. 
The leaves of Tillandsias frequently contain much water in their lml- 
lowed-out bases. The fruit of Ananassa satira is well known as the 
Pine -apple or Ananas (fig. 25G). It is an anthocarpons fruit, consist- 
ing of numerous tlowers and bracts united together, and becoming 
succulent. The fruit is more or less acid in the wild state, but when 
cultivated it becomes sweet and highly aromatic. The fibres of the 
leaves are used in the preparation of fine muslins. The woody fibres 
of many Br amelias are used in manufactures. The crown of the Pine- 
apple consists of the leaves arising from the prolonged axis (fig. 474/). 

b, Perianth free, Ovary superior , Flowers usually hermaphrodite . 

1077. Order 19G. — Liliucca*, the Lily Family. (Mono-perig. and 
Mono-hypog .) Flowers usually bisexual. Perianth coloured, in 2 
rows, regular, with 6 divisions (figs. 259, 200, 748, 749). Stamens 
6 (fig. 538), perigynous, inserted into tlie segments of + he perianth 
(figs. 259, 748, 749); anthers introrse (fig. 750 e). Ovary free, 3-celled 
(fig. 749) ; ovules 00 ; style 1 ; stigma simple or 3-lobed (figs. 259, 
2 GO, 750 s). Fruit 3-celled, either succulent or dry and capsular. 
Seeds numerous, packed one above the other in 1 or 2 rows (fig. 750); 
embryo in the axis of fleshy albumen (fig. 751). — Herbs, shrubs, or 
trees, with bulbs (figs. 207-209), or tubers, or arborescent stems, or 
rhizomes (fig. 90) ; leaves not articulated, usually narrow, with parallel 
veins. They are found both in temperate and tropical climates. In 
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warm regions some of them are arborescent, as in the case of Dracaenas; 
others are very succulent, as species of Aloe. The order has not been 




sufficiently defined, and there are still many differences of opinion as 
to its limits. Under it are included by some the following suborders : — 

1. Tulips, Tulip tribp, : bulbous plants, segments of perianth scarcely adherent in a 

tube, testa pale and soft. 

2. Ilermerocallidea 1 , Day-lily tribe : bulbous plants, with a tubular perianth, testa pale 

and so ft. 

8. Seillcje or Allies, the Squill or Onion tribe : bulbous (tigs. 207-209), with the testa 
black and brittle. 

4. Antherbva* or Asphodelese, Asphodel tribe: not bulbous, roots fascicled (fig. 120) 

or fibrous, leaves not coriaceous nor permanent. 

5. Oonvallariem, Lily of the Valley tribe : st em developed as a rhizome or tuber (fig. 90). 

6. Asparagea 1 , Asparagus tribe : stem usually fully developed, arborescent, in some cases 

branched, leaves often coriaceous and permanent. 

7. Aloinea?, Aloes tribe : stem usually developed, arborescent, loaves succulent. 

8. Aphyllantliese, Grass-tree tribe : having a rush-like habit and membranous imbricated 

bracts. 

Lindley adds to these the tribes Con an thereto, Wachendorfete, Aspidis- 
trea*, and ( )phiopogonea\ He enumerates lod genera, including 1200 
species. Examples — Tulipn, LUium ; Ilemerocallis, Phorniium ; An- 
thericum, Asphodel us; Couv allaria; Asparagus, Dracaena; Aloe; 
Aphyllanthes, Xantliorrliaa ; Conanthera ; VVachendorfia ; Aspidistra ; 
Ophiopogon. 

1078. Many of the plants of this order are showy garden flowers, 
such as Tulips, Lilies, Fritillaries, Day-lilies, Tuberoses (. PoliaMhes ), 
and Dog-tooth-violets (Er/fthronitm). Some of them are used medi- 
cinally as purgatives, stimulants, emetics, and diaphoretics. Some 
yield valuable fibres, others supply resinous matter. The bulb of 

Figs. 748-751.— Organs of fructification of Scilla autumnalis, to illustrate the natural order 
Liliaeem. 

Fig, 748.- -Flower seen from above, ce, Outer verticil of the perianth (calyx), ci, Inner ver- 
ticil of the perianth i corolla). 

Fig. 749.- -Diagram of the flower, showing three outer arid three inner leaves of f he perianth, 
six alternating stamens in two rows, and three carpels of the ovary with the ovules. 

Fig. 750. — Vertical section of the flower, c c, Perianth, r, Stamens, o, Ovary, a, Style and 
stigmas, g, Ovules attached to a placenta in the aVis. 

Fig. 751.— Seed separated and cut lengthwise, t, Integument, p, Ferisperm. e, Embryo. 
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Soil la or Sqtnlla ( Urginea) maritime supplies the officinal squill. The 
plant grows on the sandy coasts of the Mediterranean. Its bulbs vary 
in weight from half a pound to four or five pounds. In their fresh 
state they are very acrid. They contain a bitter crystalline principle 
called Scillitina. Squill is used medicinally in the form of powder, 
vinegar, syrup, arid tincture, as an emetic, diaphoretic, expectorant, 
and diuretic.. The drug called Aloes, is the inspissated juice of the 
leaves of various species of Aloe, as A. spicata , vulgar is, socotrma , iu- 
dtea , mbesccns , arabica, lingua formis , and Comm el ini It is imported 
under the names of Socotrine, East Indian or Hepatic, Barbadoes, 
Gape and Caballine Aloes. It contains a substance called Aloesin, 
which some regard as its active principle. Aloes is used medicinally 
as a cathartic, acting chiefly on the large intestines and on the 
rectum. The bulb of A l Ham sativum, Garlic, is used as an irritant, 
stimulant, and diuretic. It is the o-mp of ihe Bible, the exogobov of 
the Greeks. The bulb of Allium Ccpa , the Onion, the of the 

Bible, is used in the same way as garlic, and so is the bulb of Allium 
Porrum , the Leek, the ‘ran of the Bible (figs. 207, 208). Besides the 
Onion and Leek, several species of Allium, under the name of Chive (A. 
SeJuvmqmfsum), Shallot (A. asadoniewm), and Rocambole. (/L Scorodo- 
prasum), are used as articles of diet. These plants contain free phos- 
phoric acid, and a sulphuretted oil, which is in a great measure dissipated 
by boiling or roasting.. In the Oregon and Missouri districts of North 
America, the bulbs of Gamassia csculcnta , Gainass or Squamash, are also 
employed in a similar manner. It is called by ihe Indians Biscuit-root. 
The turios or young shoots sent up from the underground stem oi' Aspa- 
ragus officinalis (fig. Ilf)), are the parts employed in cooking. The bulbs 
of species of Lilium , found in the east of Siberia, arc* eaten like potatoes. 
Fibres are procured from Phormium tenax, Now Zealand Flax, and 
from the species of Yucca, Adam’s Needle (fig. 234). Dracoma Draco, 
and other species, yield an astringent resin called Dragon’s-blood. 
The Dm cam as often branch in a dichotomous manner, and attain a 
large size. The Grass-tree of New South Wales, Xunthorrhcra hastilis , 
gives a peculiar feature to the vegetation of that country. It yields a 
yellow gum-like substance. The base of' the inner leaves of some 
Grass-trees is used as food. Some of the Lilies have bulbels or bulb- 
lets in the axils of their leaves (fig. 213). In the Crown-Imperial there 
is a nectariferous depression in the base of the segments of the perianth 
(fig. 302). Lilium chalccdorncmn is said to be the Lilies of the field, 
ra xghcc rov uygou, mentioned in Scripture. II {jacinth us orient alls is 
the common cultivated Hyacinth, of which the Haarlem florists had at 
one time upwards of 2000 varieties. The mania for Tulip bulbs was 
at one time earned to a great extent, and the price given for approved 
kinds was enormous. Many hundred varieties of tulips are known. 
1079. Order 197. — ftlelanthacca*, the Colchieum Family. {Mono- 
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perigyn .) Perianth petaloid, in 6 pieces, which are sometimes slightly 
coherent, usually involute in estivation. Stamens 6 ; anthers extrorse. 
Ovary 3-celled; ovules numerous; style 3 -parted ; stigmas 3, un- 
divided. Fruit a 3 -celled capsule, with septicidal or loculi ci dal dehis- 
cence. Seeds with a membranous spcrmoderm ; albumen dense, 
fleshy ; embryo very minute. — Plants with bulbs, tubers (fig. 93), or 
fibrous roots, having parallel-veined leaves, sheathing at the base. 
The flowers are sometimes polygamous. They are natives of various 
parts of the globe, but are most abundant in northern countries. The 
order has been divided into three suborders: — 1. Veratrea* or Melan- 
tliea?, rhizome fibrous, dehiscence of capsule septicidal, flowers fre- 
quently unisexual. 2. Oolchicea?, rhizome bulbous, dehiscence sep- 
ticidal. 3. • Uvularieae, rhizome bulbous or fibrous, dehiscence locuh- 
cidal. There are 30 known genera, and 130 species. Examples — 
Melanthium, Veratrum, Tofieldia; Colchicum; Uvularia. 

1080. The plants of the order have in general poisonous properties. 
Many are acrid, purgative, and emetic, and some are narcotic. Among 
the medicinal plants of the order, the most important is Colchicum 
autumnale , Meadow Saffron, or Autumn Crocus. The bulb or conn 
(fig. 93) and the seeds are the officinal parts. They contain a peculiar 
alkaloid called Colehida, which seems to be analogous to Veratria. 
Colchicum in large doses acts as a narcotieo- acrid poison. Tn medi- 
cinal doses, in the form of extract, vinegar, tincture, and wine, it is 
used in the cure of gout and rheumatism. It is sedative, cathartic, 
and diuretic. The rhizome of Veratrum album, , the White Hellebore 
of the Greeks, is an irritant narcotic poison, its properties being due 
to the presence of an alkaloid called Veratria. It has been used as 
an emetic and purgative, especially in mania., and it lias been adminis- 
tered as a remedy for gout. Cevadilla is the fruit of Ilelonias or 
Asagrcra officinalis, as well as of Veratrum SabadUla . The fruit and 
seeds contain the alkaloid veratria in combination with a peculiar 
fatty acid called cevadic or sabadillic acid. Cevadilla is used in cases 
of neuralgia and rheumatism. 

1081. Order 198. — OillieslAcew, the Gilliesia Family. (Mono- 
perigyn.') Perianth 6-parted, sometimes 5-parted by cohesion of two 
of the pieces, in a double row ; the outer, petaloid and herbaceous; the 
inner, smaller and more coloured ; estivation twisted. Stamens in a 
double series ; outer whorl sterile, in the form of a 0-toothed urceolate 
body, or of scale-like bodies, one of which forms a sort of labellum ; 
inner whorl of six stamens, of which three are sometimes sterile. 
Ovary superior, 8-celled ; style 1 ; stigina simple. Fruit a 3-celled, 
3-vaIved capsule, with loculicidal dehiscence. Seeds numerous, at- 
tached to the axis ; spermod erm black and brittle ; embryo curved 
in the midst of fleshy albumen. — Herbs with tunicaled bulbs, grass- 
like leaves, and umbellate spathaceous flowers. Natives of Chili. Their 
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properties unknown. The description of the flower is in accordance 
with Arnett’s view", and differs from that of Lind ley, who considers 
the perianth as bracts, and the outer verticil of stamens as the perianth. 
There are 2 genera and 5 species. Examples — Gilliesia, Miersia. 

1082. Order 199. — Pontederlaeea*, the Pontederia Family. ( Mono - 
perigyn.) Perianth tubular, coloured, 0 -parted, more or less irregular; 
aestivation circulate. Stamens 3-6, perigynous ; anthers introrse. 
Ovary free, or slightly adherent, 8-celled; ovules numerous, anatropal; 
style 1 ; stigma simple. Fruit a 8-celled, 3-valved capsule, with 
loculicidal dehiscence. Seeds 00, attached to a central axis; testa 
membranous; hilum small ; embryo straight, in the axis of somewhat 
mealy albumen ; radicle next the hilum. — Aquatic or marsh plants 
with sheathing, parallel- veined leaves, which are sometimes cordate or 
sagittate, and have inflated petioles. The flowers are spathaceous. They 
are natives of North and South America, East Indies, and Africa. 
Their properties are unimportant. There are 6 genera, according to 
Lindley, and 30 species. Example, s — Pontederia, Leptanthus. 

1083. Order 200. — Xyri dactw, the Xyris Family. ( Mono-pcrigyn .) 
Perianth 6-parted, in two verticils ; the outer glumaceous, the inner 
petaloid. Stamens 6, 3 fertile, inserted into the claws of the inner 
perianth; anthers ext rorse. () vary single, 1 -celled; ovules 00, ortho - 
tropal, attached to parietal placentas ; style trifid ; stigmas obtuse, 
multifid or undivided. Fruit a 1 -celled, 3-valved capsule. Seeds 
numerous; embryo on the outside of mealy albumen, remote from 
the hilum. — Herbs, having a sedge-like aspect, with radical haves, equi- 
tant and sheathing at the base, and scaly heads of flowers. Natives 
chiefly of tropical regions, having no important properties. There are 
about 6 genera, and 70 species. Examples — Xyris, Abolboda, Philv- 
drum V 

1084. Order 201. — Jhmeacew, the Rush Family. ( Mono-hy pa- 
per igyu.) Perianth 0-parled, more or less glumaceous. Stamens 6, in- 
serted into the base of the segments, sometimes 3, and opposite the 
outer segments ; anthers 2-celled, introrse. Ovary 1-3-eelled; ovules 
1, 3, or many in each cell, anatropal ; style 1 ; stigmas generally 8, 
sometimes 1. Fruit a 3-valved capsule, with loculicidal dehiscence, 
sometimes indehiscent. Seeds with the testa neither black nor crusta- 
ceous; embryo very minute, near the hilum, within fleshy or cartila- 
ginous albumen. — Herbs, with fasciculated or fibrous roots, hollow, 
grooved, or flat leaves, with parallel veins. They are natives chiefly 
of the colder regions of the globe. Many species of June us are used 
for making the bottoms of chairs, mats, &c., and the central cellular 
tissue forms the wicks of candles. There are 1 4 known genera, and 
upwards of 200 species. Examples — J uncus, Luzula, Narthecium, 
Astelia. 

1085. Order 202. — Palma*, the Palm Tribe. (Mono-perigyn.) 

2 L 
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Flowers bisexual or unisexual, or polygamous. Perianth G-parted 
in a double row (fig. 757); 3 outer (calyx) fleshy, or leathery 
and persistent (figs. 752 c e, 75 G c), 3 inner (corolla) often larger 
(fig. 752 c i)j and sometimes deeply connate. Stamens G (figs. 753, 
757), rarely 3, sometimes 00, inserted into the base of the peri- 
anth. Ovary free, 1-3-celled, usually composed of 3 carpels, which 
are more or less completely united (fig. 755); ovules 1-3. Fruit 



drupaceous, or nut-like (fig. 75 G), or baccate, often with a fibrous 
covering. Seed with cartilaginous or horny albumen (fig. 520), which 
is often ruminate (fig. 407), or furnished •with a central or lateral 
cavity ; embryo small, cylindrical, or fiat, in a cavity of the albumen, 
remote from the hilum (figs. 4U7, 520). — Arborescent plants (fig. 
115, 1), with simple, rarely branched trunks, marked with the scars 
of the leaves, which are terminal, pinnate, or fan-shaped, with plicate 
vernation, and parallel simple veins, and often spiny petioles. Flowers 
on a terminal, often branched spadix, enclosed in a 1- or many-vaJved 


Pips. 752-756. — Organs of fructification of Arcca Catechu, Betel-nut Palm, to illustrate the 
natural order Palinee, 

Pip. 752. — Unexpanded flower-hud. ce. Outer division of the perianth, ci, Inner perianth. 

Fig. 753. — Diagram of the flower, showing the. two verticils of the perianth, the six stamens, 
and three abortive carpels, a, The position of the axis of inflorescence in reference to the 
flower. 

Fig. 754.— A flower deprived of its perianth, in which the stamens, c, are partly abortive, 
while the ovary, o, is developed, s, Stigma. 

Fig. 755.— Diagram of the last flower, allowing the double perianth, the partially abortive 
stamens, and the ^-celled ovary, a, Axis of inflorescence. 

Fig. 756.— Fruit,/, surrounded at its base by the persistent perianth, c. 

Fig. 757.— Flower of Chameerops humilis, European Fan-Palin, seen from above. There are 
six divisions of the perianth, six stamens, and the ovary. 
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spatha. Natives of tropical regions chiefly, and imparting to them 
much of their botanical physiognomy. Most of them have unbranched 
stems, attaining sometimes a height of ISO feet, and sending out clus- 
ters of large leaves, from the axil of which bunches of flowers proceed. 
Although the flowers are small, still the inflorescence, taken collec- 
tively, has often a most imposing aspect. Humboldt describes their 
effect on the landscape in glowing colours, and Martins has illustrated the 
order by splendid delineations. Linnams called them the Princes of 
the Vegetable Kingdom. Lindley states that there are 73 known 
genera, and 400 species; but this estimate probably falls short of the 
total amount, for much still remains to be done in the elucidation of 
the species. They have been divided by Martins into various tribes, 
depending chiefly on the nature of the ovary, ovules, and fruit ; and 
sections are formed according as the leaves are pinnate or flabelliform, 
and the stems are spiny or not. The following are the tribes: — 1. 
Areeineoo, the Betel-nut tribe. 2. Lepidocaryina 1 , the Sago tribe. 3. 
BorassiiUT, the Palmyra. Palm tribe. 4. Oorypliinap the Talipot and 
Date tribe. 5. Cocci ntr, the Coco-nut tribe. Example — Areea, 
Euterpe, Caryota; Lopidocaryum, Calamus, Sagus; Borassus, Lodoi- 
cea; Corypha, Livistona, Phoenix; Cocos, Elais, Acrocomia; Phyte- 
lephas. 

1 086. The properties of the plants of this order are very various. 
In the countries in which they grow, they are used for supplying food, 
and for forming habitations. The fruit of some is eatable, while that 
of others is extremely hard. Many supply oil, wax, starchy matter, 
and sugar, which is fermented so as to form an intoxicating beverage. 
Their fibres are employed for ropes, and the reticulum surrounding 
their leaves is sometimes manufactured into brushes. 

The Palm of the Bible, seems to be Phwnir dactyl if era, the 
Date, the drupaceous fruit of which supplies food to many of the in- 
habitants of Arabia and Africa. Cocos nucifera (fig. 1 1 f>, 1), the Coco- 
nut Palm, is one of the most useful, supplying food, clothing, materials 
for houses, and utensils of various kinds, ropes and oil. The sugar 
procured from it is called Jagery, and is fermented so as to form arrack. 
The fibrous part of its fruit is manufactured into Coir-rope. The 
wood of the Coco-nut Palm is known by the name of porcupine wood. 
The terminal bud of the Coco-nut Palm, as well as that of Evtrrpc 
montana , the Cabbage Palm, are used as culinary vegetables. The 
Double Coco-nut of the Seychelles islands is produced by Lodoicea 
Seychellarvm* 4 'he Palm-oil imported from the west coast of Africa is 
obtained by bruising the fruit of Elais guineensis and mtlanococca . 
The oil-bearing palms are in the tribe Cocoinse. The Betel-nut is the 
produce of Areca Catechu , and from it an extract is prepared of* an 
astringent nature resembling Catechu. The seeds or nuts form an 
ingredient in the eastern masticatory called Pan or Betle, and which 
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seems to owe its stimulating properties to the leaves of the Piper Betel. 
Sago, and starchy matter allied to it, is obtained from many Palms. 
It is contained in the cellular tissue of the stem, and is separated by 
bruising and elutriation. Fine sago is said to be procured from Sagm 
l(vvi<i or imrmis , a native of Borneo and Sumatra; $. Rumphii or 
farinifera , a native of Malacca ; and Sag items Rump/ui or saccharifer , 
which is found in the eastern islands of the Indian Ocean. After the 
starchy matter is washed out of the stems of these Palms, it is then 
granulated so as to form sago. A single tree, it is said, will yield 500 
to 600 pounds. The last -mentioned Palm also furnishes a large supply 
of sugar. iSago, as well as sugar and a kind of palm-wine, are pro- 
cured from Cay ota areas. The Date sugar of Bengal is the produce 
of Plmnic sylvestris. Ceroxylon or Iriartea Andicola yields wax, which 
forms a coating over its trunk. Corypha cerifera , Carnaiiuba Palm, is 
another wax palm. Its trunks are imported into Britain, and have 
been used for veneering. It is much used in the northern parts of 
Brazil, as at Aracaty, for thatch, hats, pack saddles, stakes, and palisades. 
The wax is procured by shaking the leaves, which have a glaucous 
bloom. Bach leaf will yield fifty grains. A reddish resinous matter 
is yielded by Calamus Draco. It is one of the substances called Dra- 
gon’s-blood, and is used ibr colouring. The whalebone-like bristles 
which surround the base of the leaves of some species of Sagas and 
Sagucras are used for brushes. The thinner stems of Palms, as of 
Calamus Scipumum and Jlotang , are used as canes under the name of 
Rattans. Calamus R mica turn, the Cable Cane, a native of the East In- 
dies, Cochin-China, and the Moluccas, grows sometimes to the length 
of 500 feet. The fruit of A ttalea fnnifera is known by the name of 
Coquilla-nuts, and its hard pericarp is used for making umbrella- 
handles, &c. It seems to supply a fibre used in manufacture under 
the name of Piassaba. The hard albumen of Phytelephas macrocaipa 
is used in the same way as ivory. Hence the plant is called the 
Ivory Palm. The spatha of Mauicaria saccifera comes oft' in the form 
of a conical cap, and is used as a covering for the head in the West 
Indies. Chanianvps ha mills is the only European species of Palm. It 
is able to stand the climate of this country with slight protection during 
winter. A specimen in the Edinburgh Botanical Garden has lived 
in the open air for upwards of thirty years. It is covered with mat- 
ting during winter. The Doom-palm of Egypt {Jlyphcme thebaica) 
has a trunk which divides in a dichotomous manner. Its pericarp 
is used as food, and has the biste of gingerbread. Acrocomia sclero - 
carpa is the Macahuba-palm of Brazil ; Mauritia vwifera is the Ruriti- 
pahri, the stem of which, when perforated, yields a reddish juice, 
leaving the taste of* sweet wine. Among the Palms which have 
(lowered in the Edinburgh Botanical Garden may be mentioned — 
various species of Chamcedorea , Euterpe Montana, (Jhamocrops hmiilis , 
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Livistona chinensi% Harina caryotoides , Areca triandra , Corypha umbra- 
culifera ? Phoenix sylvestris. 

1087. Order 203. — Connnelyna<?e«e, the Spider-wort Family. ( Mono - 
hypogyn.) Perianth in 2 verticils ; outer (calyx) herbaceous and tripar- 
tite ; inner (corolla) petaloid, tripartite or trifid. Stamens G or fewer, 
hypogynous, some of them occasionally abortive or deformed ; anthers 
introrse. Ovary 3 -celled ; ovules few in each cell ; style 1 ; stigma 
1. Fruit a 2 -3 -celled, 2-3-valved capsule, with looulicidal dehiscence. 
Seeds often in pairs, with a lateral and linear hilura ; embryo pulley- 
shaped, antitropal, in a cavity of fleshy albumen, remote from the 
hilum. — Herbs with fiat narrow leaves, which are usually sheathing 
at the base. Natives ehiofiy of warm climates. Some have fleshy 
rhizomes, which are used for food. Tmdeminliu*, Spider-worts, have 
mouiliform staminai hairs, in which a movement of granules is dis- 
tinctly seen under the microscope (fig. 225). There arc 17 genera, 
and 2G4 species. Examples — Conmielyna, Tradescantia, Mayaca. 

1088. Order 204. — yuismacca*, tl le Water-plantain Family. (Mono- 
hypog .) Perianth in G divisions and 2 verticils; outer whorl usually 
herbaceous; inner usually petal oid ; sometimes the perianth is want- 
ing. Stamens definite or 00, hypogynous ; anthers introrse or extrorse. 
Ovaries 3, G, or more, distinct or united; ovules erect or ascending, 
solitary or in pairs. Styles and stigmas equal to the number of car- 
pels. Fruit of several dry, indehiscent carpi dia. Seeds 1-2 in each 
carpel, exalbuminous (fig. 525) ; embryo straight, or curved like a 
horse-shoe; radicle next the hilum. — Plants growing in llowing or 
stagnant water, usually with a creeping rhizome, parallel-veined leaves, 
and hermaphrodite or unisexual Hoovers. Natives both of tropical and 
temperate regions. The limits of the order are not well defined. It 
has been divided into two suborders: — 1. Alismese, inner perianth 
petaloid, anthers introrse, embryo curved or hooked. 2. Juncaginea;, 
inner perianth herbaceous, sometimes perianth 0, anthers extrorse, 
embryo straight, plumule coming through a slit in the embryo (fig. 
504). They have few important properties. Some are acrid, others 
have eatable rhizomes. There are 5 known genera, and about 70 
species. Examples — Alisma, Sagittaria; Triglochin, Scheuchzeria. 

1089. Order 205. — Butomacene, the Flowering- rush Family. (AJom- 
hypog.) Perianth of G parts, in 2 verticils (fig. 381, 2) ; outer usually 
herbaceous; inner petaloid. Stamens definite (fig. 381, 2, co, ei), or 
00, hypogynous. Ovaries 3, G, or more, distinct or united, 1 -celled 
(fig. 381); ovules 00; stigmas simple, as many as the carpels. Fruit 
consisting of several follicles, which are either distinct (fig. 393) and 
beaked, or combined. Seeds 00, minute, attached to the whole inner 
surface of the pericarp (fig. 394), exalbuminous ; embryo often curved 
like a horse-shoe; radicle next the hilum. — Aquatic plants, often 
lactescent, with parallel-veined leaves, and frequently umbellate 



534 


PAKDANACEiE — ARACEJE. 


flowers. They are chiefly found in northern countries, and some of 
them have acrid and bitter properties. Bntomus tmbellatus , Flower- 
ing-rash, is the only British plant in the class Enneandiia of Linnseus. 
Lindley gives 4 genera, including 7 species. Examples — Butomus, 
Limnocharis. 

c . — Flowers incomplete, often unisexual, without a proper perianth, 
or with a few verticillate scales . 

1090. Order 20G. — Pandaimceap, the Screw-pine Family. ( Mono - 
liijpo(p) Flowers unisexual or polygamous, covering the whole of the 
spadix. Perianth 0, or a few scales. Male flowers : Stamens numerous ; 
filaments with single anthers, which are 2-4-celled. Female flowers : 
Ovaries 1 -celled, united in parcels; ovules solitary or numerous, ana- 
tropal ; stigmas sessile, equal to the carpels in number. Fruit either 
fibrous drupes collected into parcels, or berries. Seeds solitary in 
the drupes, numerous in the berries ; embryo at the base of lleshy 
albumen ; radicle next the hilum. — Trees or bushes, sometimes with 
adventitious roots (fig. 115, 2), long, imbricated, amplcxicaul leaves, 
usually with spiny margins and backs. Natives of* tropical regions. 
The order is subdivided into two sections: — 1. Pandaneee, undivided 
leaves and no perianth. 2. Cyclanthea^, fan-shaped or pinnate leaves, 
llowers with a few scales. There are 7 genera, according to Lindley, 
and 75 species. Examples — Pandanus, Froycinetia; Cyclanthus, Car- 
ludovica, Nipa. 

1091. The llowers of some of the plants are fragrant, and their seeds 
are somolimes used as food. The juice lias in some instances astrin- 
gent properties. The species of Pandanus are remarkable lor their 
aerial roots, with large cup-like spougioles. These roots are sent out re- 
gularly from all parts of their stems, and appear like artificial props (fig. 
115, 2). Their spermoderm lias numerous raphides. Their leaves are 
arranged in a spiral manner in three rows, and in their aspect, they 
have some resemblance to those of the pine-apple — hence the mime 
Screw r -pinc. Pandanus Candelabra is the Chandelier-tree of Guinea, 
and is so called on account of its mode of branching. 

1092. Order 207. — Araeea*, the Arum Family. ( Mono-hypog .) 
Flowers generally unisexual, rarely bisexual, enclosed within a spatha, 
and usually on a spadix (fig. 239), having male flowers at its upper 
part, female below, and abortive flowers between them (fig. 239, 2). 
Perianth either 0, or in the flowers rudimentary and scaly. Stamens 
definite or 00, liypogynous ; anthers extrorse. Ovary free, 1- 3- or 
more celled ; ovules solitary or numerous ; style short or 0 ; stigma 
simple. Fruit succulent or dry, indehiscent, uni- or plurilocular ; 
seeds one or several ; embryo in the axis of fleshy or mealy albumen, 
sometimes with a lateral cleft for the plumule ; radicle usually next 
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the hilum. — Herbaceous or shrubby plants, often with tubers or 
creeping rhizomes, leaves sheathing at the base, and having parallel 
or branching veins (fig. 239, 1). They occur in dry and marshy places, 
and in lakes in various parts of the world, abounding in the tropics. 
The order has been divided into four suborders: — 1. Arinea?, Cuekow- 
pint tribe (fig. 239) ; naked flowers with a spadix and spatlia, S 2 , 
anthers sessile, ovules several, fruit succulent, seeds pulpy. 2. Ty- 
phinca?, Bulrush-tribe ; marsh or ditch plants, with nodeless stems, 
flowers S ? , with a scaly or hairy perianth, arranged on a spadix with- 
out a spatha, anthers wedge-shaped on long filaments, ovule solitary, 
fruit thy, seed with adherent pericarp. 3. Acoreee, Swect-liag tribe ; 
ilowers $ , having usually a scaly perianth, arranged on a spathaceous 
spadix, ovules 1 or more, fruit a berry. 4. Pistiea*, Duckweed tribe ; 
flowers S ?, naked, enclosed in a spatha without a spadix, ovary 
1 -colled, ovules 2 or more, fruit membranous or capsular. The order 
includes 47 genera, and 273 species. Examples — Arum, Caladium, 
Colocasia, Calla ; Typlia, Sparganium ; Acer us, Orontium, Pothos ; 
Pistia, Lenina. 

1093. The general property of the order is acridity. Sometimes the 
plants are dangerous irritant poisons. In some instances the rhizomes 
yield much starchy matter, and, when boiled or roasted, are used as sub- 
stitutes for yams, under the name of Coco. The starch may be separ- 
ated and used as Arrow-root. Thus, Portland Sago is prepared from 
the rhizome of Arum maculatum , common Cuckoo-pint, or Wake-Iio- 
bin. DteJfenbacJna seguina ( Caladium seguiturm ), is called Dumb-oane, 
on account of the swelling of the tongue caused by chewing the plant. 
Many of the plants of this order give out heat in a marked degree 
during flowering (If 475). Some send out aerial roots, by means of 
which they climb upon trees. Dracontium pertusum has perforated 
leaves (If 137). Symplocarpus feetidus, Skunk-cabbage, has a very 
disagreeable odour. Its rhizome and seeds have been used as anti- 
•tpasmodics. Richardia africana , with its white spatha, is commonly 
cultivated under the name of ./Ethiopian Lily. The root-stock of 
A corns Calamus , Sweet-flag, has an aromatic odour, combined with a 
bitterish acrid taste. It lias been used as a stimulant and tonic. In 
Typlia lati folia, Great Peed Mace, the pollen is abundant and easily 
collected, and from its inllammable nature has been used as a sub- 
stitute for the Lycopodium spores. The young shoots of T. laiifolhi 
and angusti folia are eaten by the Cossacks like asparagus. The large, 
fleshy, amylaceous rhizomes are eaten by the Kalmucks. Lemtias y 
Duckweeds, are common in ditches in temperate regions. Their 
flowers are very simple, one male, and the other female, without a 
perianth, enclosed in a membranous bag ; their roots are simple 
fibres, covered with a sheath. Pistia Stratiotes floats in lakes in tropical 
countries. 
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1094. Order 208. — Naladac e«e or Potamea*, the Naias or Pondweed 
Family. ( Mono-hypog .) Flowers hermaphrodite or unisexual. Perianth 
of two or four herbaceous or scaly pieces, often deciduous, sometimes 0. 
Stamens definite, hypogynous. Ovary free, of one or more carpels ; 
ovule solitary ; style 1 or 0 ; stigma entire, rarely 
2-3-parted. Fruit dry, 1 -celled, usually indehiscent. 

Seed solitary, erect, or pendulous, cxalburninous; 
embryo straight or curved, usually with a lateral slit 
for the plumule (fig. 758); radicle large (figs. 499, 

758). — Plants living in fresh and in salt water, 
having cellular leaves with parallel veins and inconspicuous flowers. 
They are found in various parts of the world. They have no pro- 
perties of importance. Zoster a marina , is used in the dried state 
for stuffing mattresses, and has been recommended for hospitals. 
Ouvirandra ( Hydrogeton ) fenestralis has peculiar skeleton -like leaves 
(fig. 131). Aponogefm (list achy urn, a Cape aquatic, lias grown well 
fur many years in the open pond of the Edinburgh Botanical Gar- 
den. Caidinia frugiUs is one of the plants in which Potation has 
been observed. There are 19 known genera, and upwards of 70 
species. Examples — Naias, Zannichellia (fig. 505), Potamogeton (fig. 
130), Ruppia, Zostera. 

1095. Order 209. — Reatiaeea*, the Restia or Cord-rush Family. 
(Motw-perifjfpi.') Flowers frequently unisexual. Perianth glumaceous, 
sometimes 0. Stamens definite, perigynous, when two or three in 
number opposite the inner glumes; anthers usually 1 -celled. Ovary 
1 or more celled, sometimes composed of several carpels ; ovules soli- 
tary, pendulous; styles and stigmas 2 or more. Fruit capsular or 
nucumentaceous. Seeds pendulous; embryo lenticular, outside mealy 
albumen, remote from the hiluin. — Herbs or undershrubs, with narrow 
simple leaves or none, naked or sheathed culms, and spiked or capi- 
tate, bracteatcd flowers. They are found chiefly in America and 
New Holland. They have few properties of importance. The tough 
wiry stems of Wtlldenovia teres and some Eestios , are used for making 
baskets and brooms. Eriocaulon sq)tangulare is a native of Britain, 
being found in the Isle of Skye, as well as in the west of Ireland. In 
Brazil there exist branched Enocaulons six feet high. In 1764, Linnaeus 
described only 5 species of Eriocaulon in all the world, while Gardner 
collected in Brazil 100 species. The Diamond districts of Brazil are 
great centres of Eriocaulons. There are, according to Bindley, 36 
genera, and 286 species. Examples — liestio, Centrolepis, Eriocaulon. 

Pig. 758.— Embryo of Zostera in the natural order Naiadaeew. c f Cotyledon, r, Radicle. 
A Lateral swelling connected with the radicle. /, Slit for the plumule, which lies in a cavity of 
the very large radicle. 
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Subclass 3 . — Glijmace^. 

1096. Flowers glumaceous, consisting of bracts or scales, which are 
imbricated, and not arranged in true verticils. Leaves with parallel 


1097. Order 210. — Typeracci*, the Sedge Family. (Mono-hypog.) 
Flowers hermaphrodite or unisexual, generally without a perianth. 
Each flower furnished with a solitary bract (glume or scale). These 
bracts are imbricated upon a common axis, and the lowermost are 
often empty. Occasionally they enclose two or three opposite mem- 
branous bracts or glumes. (In the female flower of Carex, the two 
inner bracts receive the name of Pcrigynium). Stamens hypogynous, 
definite, 1-12; anthers dithecal, innate. Ovary 1 -celled, often sur- 
rounded by hypogynous bristles (seta 1 ), which are probably abortive 
filaments ; ovule erect, anatropal ; style single, 2-3-cleft ; stigmas un- 
divided, sometimes bifid. Fruit a crustaceous or bony achamium or 
nut (fig. 519); embryo lenticular, enclosed within the base of fleshy 
or farinaceous albumen (fig. 519 c ) ; plumule incon- 
spicuous (fig. 759). — Grass-like herbs with fibrous roots. 

Their stems are solid, often without joints, sometimes 
creeping (fig. 91), frequently angular. The leaves are 
narrow, and their sheaths are entire, not slit. They 
are found in all quarters of the globe, and in various 
localities, from the sand on the shore, to the. tops of 
the mountains. Many of them occur in marshy ground. 

Lindley enumerates 112 genera, including 2000 species. 

Examples — Cyperus, Eriophorum, Scirpus, Fuirona, Cladiuin, Schoenus, 
Scleria, Elyna, Carex. 

1098. .None of the plants of the order possess important medicinal 
qualities. The creeping stems of Carex arenaria , distich a, and hirta, are 
diaphoretic and demulcent, and have been used in medicine under the 
name of German Sarsaparilla. Papyrus antiquorum is the Papyrus of 
the Nile, the cellular tissue of which was used in the manufacture of 
paper. Some say that the word Kraa in the Bible, translated Bulrush, 
is either the Papyrus or a species of Cyperus. The word rrny has 
been translated Paper-Reeds. The species of Eriophorum are called 
Cotton-grass, on account of the woolly-like substance which is attached 
to the base of the ovary. Some species of Cyperus have tubers at the 
lower part of their stems, which are used as food. The roots of Cy- 
perus longus have been used as bitter and tonic remedies, while those 
of C. odoralus are aromatic. Some species of Scirpus are used for 

Fig. 750. — Embryo of Carex depauperate, separated to show the structure of that body in the 
natural order Cyperace®. r, Radicle, ca , Cotyledon. /, Slit for the plumule. 
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making chair bottoms. Some of the Carices , with their creeping stems, 
tend to bind together the loose sand on the sea-sKore. 

1001). Order 211. — Gramlnca*, the Grass Family. (Mom-hypogyn.) 
Flowers usually sometimes unisexual or polygamous; 1, 2, or 
more (some occasionally abortive), are attached to a common axis, 



Figs. 760-705. — Organs of fructification of Avcna sativa, common cultivated Oat, to illustrate 
the natural order Grammcm. 

Fig. 760. — Spikelet of the Oat. a, Axis of inflorescence or racliis, g e, Exterior or lower 
glume, g i, Inner or upper glume. ff t Inferior fertile flower, fa , Two upper abortive flowers. 

Fig. 761.— The same spikelet with the envelopes separated to show the internal parts, a a, 
Axis of inflorescence, g c, Outer glume, g i, Inner glume, p e., Outer paleaof the fertile flower, 
with its awn (arista), p i, Iimer palea, cleft at the apex, and apparently formed by two united. 
e, Three stamens, o, Pistil consisting of the ovary, and two styles, fa, Two abortive flowers. 

Fig. 762.— Diagram of the spikelet. ge, Outer glume. gi“ Inner glume, pa, Outer palea 
with awn ; the inner palea being opposite, e, Stamens, o, Pistil. 1 1, Scales or lodicuhe. 
/ a, f s, Barren flowers. 

Fig. 763.— Fertile flower deprived of glumes and palenj. e, Three stamens with versatile 
cleft anthers, p, Scales (squamm or lodicuhe) partially united, o, Ovary ultimately forming 
the grain, which consists of pericarp aud seed combined, s s, Two styles with feathery 
stigmas. 

Fig. 764.— Vertical section of the Caryopsis (fruit or grain), with the upper portion cut off. 
1 1, Integuments of the caryopsis and of the seed united, p p, Perisperra. e, Embryo, r, Kadicie. 
ca, Cotyledon, f Slit corresponding to the plumule. 

Fig. 765.— Embryo separated, r, Eadicie. c a, Cotyledon, f Slit corresponding to the 
plumule. 
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and enclosed within bracts, the whole together forming a locusta 
or spikelet (ligs. 760-762). The outer imbricated bracts are called 
glumes; they are usually 2 (figs. 760, 761 g e gi ), sometimes 1, 
rarely wanting, and often unequal. They are either awned (aristate) 
or awnless (mutinous). The bracts enclosed within the glumes are 
called palccc or glume! la? ; they immediately enclose the stamens, are 
usually 2, the lower being simple, and the upper being formed of 
2 united by their margins (fig. 761 pe pi). The innermost set of 
bracts consists of two or three hypogynous scales (squamuhv, glumel- 
lukn, or Iodic ukr), which are cither distinct or combined (fig. 763 p\ 
and are sometimes wanting. Stamens hypogynous, 1-6 or more; 
anthers dithecal, versatile (tigs. 337, 763 e). Ovary simple (fig. 763 o); 
ovule ascending, anatropal ; styles 2 (fig. 763) or 3, sometimes united ; 
stigmas feathery or hairy (fig. 410, 763 s «s). Fruit a caryopsis (lig. 
467). Seed incorporated with the pericarp ; embryo lenticular, lying 
on one side? of farinaceous albumen (lig. 495), near its base (figs. 764, 
765); endorhizul in germination (fig. 124). — Herbaceous plants, with 
cylindrical, hollow (fig. Ill), and jointed stems, called culms; alternate 
leaves, with a split sheath and a membranous expansion at the junction 
of the petiole and blade, called a ligule (fig. 194), the collections of 
flowers (locusta*) being arranged in spikes, racemes, or panicles. 

Discussions have arisen as to the true nature of the pa lea* in 
grasses. Brown thinks that the upper palea is composed of two 
parts united, while the inferior palea is the third part. The arrange- 
ment is thus triinorous, and bears a relation to the scales or lodiculaj. 
Mohl on the other hand states, that the inferior palea is not on a 
level with the other, and is in fact a bract from which the other is 
developed. From their alternate position, the parts of the flowers 
of grasses are in general looked upon as bracts, rather than as parts 
of a true perianth. The following may be given as a general view” of 
the parts of the flower : — 

1. Outer envelope : One or two glumes, the calyx of some authors, containing one or 

more flowers, with distinct insertions on a common axis. When one glume is sup- 
pressed it is the exterior or lower. 

2 . Inner envelope : One or two paleio, corolla of some authors, calyx of Jussieu. Inner 

or upper palea sometimes suppressed. This palea (valve) consists usually of two 
confluent valves, as shown by two ribs equidistant from the axis. Hence this en- 
velope is, according to some, a ternary perianth. 

3. Sqnamulno (scales, lodicuhc, or glumellulse), occur within the last envelope, and at the 

base of the ovary. 

Grasses are found in all quarters of the globe, and are said to form 
about i-j part of known plants. In tropical regions they sometimes 
assume the appearance of trees. They generally grow in great quantity 
together, so as to receive the name of social plants. The order has 
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been divided into numerous sections, founded on the number of flowers 
in a spikclet, their hermaphrodite, unisexual, or polygamous nature, 
the number and form of the different sets of bracts, and the nature of 
the fruit. Lindley enumerates 201 genera, including about 3800 
species. Examples — Oryza, Zea, Phalaris, Panicmn, Stipa, Agrostis, 
Arundo, Echinaria, Cliloris, Arena, Bromus, Festuca, Barnbusa, 
Lolium, Triticum, Ilordeum, Nardus, Bottbiicllia, Aridropogon, Sac- 
charum. 

1100. Tins is one of the most important orders in the vegetable 
kingdom, whether we regard it as supplying food for man, or herbage 
for animals. To the former division belong the nutritious cereal grains, 
as Wheat (Triticum), Oats (Arena), Barley (Ilordeum), Bye ( Secale ), 
Bice ( Oryza), Maize (Zea), Guinea-corn and Millet (Sorghum and 
Panicmn); to the latter, the various pasture grasses, as Bye-grass 
(Lolium), Timothy-grass (Thleum), Meadow-grass (Pod), Cock’s-loot- 
grass ( Dactylis ), Sweet Venial-grass (Anthoxanthnm), Fescue (Festuca), 
Dogs- tail-grass (Gynosurus), &c. The grains of many other grasses 
are used for food. Zizania, aquation, supplies a kind of rice in Canada, 
Set aria germanica yields German millet, Panic urn miliaceum gives a 
kind of millet in India, and Andropogon Sorghum has been sent to this 
country under the name of Durra, an Indian grain. Phalaris cana- 
riensis is the source of the common Canary seed. The cereal grains 
have been so extensively distributed by man, that all traces of their 
native country are lost. They seem to be in many instances examples 
of permanent varieties or races kept up by cultivation. Their grain 
or caryopsis contains a large amount of starch (figs. 85, 30) and gluten. 
The grasses nseil for fodder in some parts of the world attain a large 
size, such as Anthistiria australis, the Kangaroo-grass of New Holland, 
Tripsa.cn m dactyloides, the Gama-grass of Mexico, and Dactylis ccespi - 
tosa, the Tussac-grass of the Falkland islands. Some of these are five 
or six feet in height, and are nevertheless sufficiently delicate to be 
used as food for animals. The Tussae lias been introduced into this 
country, and it thrives well in peaty soils within the influence of the 
sea spray. It promises to be a valuable grass in the Hebrides of Scot- 
land. 

1101, Sugar is a valuable product obtained from many grasses. It 
has been procured in Italy from Sorghum saccharatum, sweet Sorgho ; 
in China, from Saccharum simmer, in Brazil, from Gynenum sacchar- 
roides; in the West Indies, from Saccharum violacevm; and in many 
other parts of the world, from S. ojficinarum. The last two are com- 
monly known as Sugar-cane, and they are generally considered as 
varieties of a single species, Saccharum ojficinarum, which is now widely 
spread over various parts of the world. Six or eight pounds of the 
saccharine juice of the plant yield one pound of raw sugar. The fol- 
lowing were the imports of sugar into Great Britain in 1848 : — 
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West Indies, 121,600 tons. 

Mauritius, 43,600 — 

East Indies, 65,200 — 

Java and Manilla, 11,000 — 

Havana, Porto- Bico, and Brazil, 76,000 — 

Total, 318,300 tons. 


1102. Some grasses have a vejy agreeable fragrance. This has 
been remarked in Anthoxanthum odoratum , which is lienee willed 
sweet-scented vernal grass, and is said to impart the odour to new- 
made hay in this country. Other grasses have the same property, 
which has been referred to the presence of benzoic acid. A fragrant 
oil is procured from some species of Andropogon , as A. Schamanihus, 
Lemon-grass, and A, Calamus aromaticus , which seems to be the rnp, 
or oua mp, the Sweet-canc of the Bible. Grasses contain a large 
quantity of siliceous matter in their stalks. This is deposited so as to 
form part of their structure, and in some eases it accumulates in the 
joints. The tabashecr in the joints of Pamhusa ai'undinacea , the Bam- 
boo, is composed of silica. This is one of the tree-like branching 
grasses, which sometimes attains a height of fifty or sixty feet. It 
shoots up with great rapidity. In the Edinburgh Botanic Garden, the 
young shoots attain a height of thirty or forty feet in a few months; 
and the late superintendent (Mr. W. M‘.Nab) measured, during a long 
summer day, a growth of the young stem to the extent of* seven or 
eight inches. Most of the species of Bamboo have hollow stems, which 
often attain a diameter of many inches. Gardner mentions a large 
species of Bamboo (JJ. Tagoara) having a stem lb inches in circum- 
ference, and attaining a height of 50 to 100 feet. The touch-paper 
of the Chinese is made from a variety of Bamboo, by beating the young 
shoots flat, steeping them in a lime pit for a month, and then washing 
and drying. A kind of paper is made from the Bamboo in India. 
Its young shoots arc used as pickles. The hollow stems of some reeds 
in warm climates supply refreshing water to travellers. 

1103. The stems of' some grasses run under ground, and form a 

sort of network, which is useful in consolidating the sand of the sea- 
shore. Elgin us armarius and Ammophila (Psaninui) arcnarla consti- 
tute the Bent or Marram of the British shores. This tendency to 
creep under ground, renders some grasses, such as Triticvm repens , 
Quick- grass, difficult of extirpation. The grains ot‘ some grasses are 
used for ornaments. Beads are. made from those of Cor/' Lachn/ma , 
commonly called Job’s-tears, from their form and hardness. A few 
grasses, as Pronins purgans and cathartic us, have purgative properties; 
and one, Lotiwn temuientum , (infeltx folium ), Darnel-grass, is poisonous. 
Some suppose that it is the tares, of Scripture. The grains 

of Rye, and other grains, are liable to a disease called Ergot, depend- 
ing on the attack of a fungus which alters the texture of the ovary, 
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and makes it assume an elongated spurred form. The Ergot of Rye, 
or spurred Rye, has a peculiar effect in promoting the contraction of 
the uterus, and is on this account used in medicine. Ergotted rye, 
when regularly used for food, has the effect of causing what have been 
called convulsive and gangrenous ergotism, the former disease being 
distinguished by insensibility and convulsions, ending in death ; the 
latter by dry gangrene, which attacks the fingers and toes, causing 
sloughing of these parts, and sometimes proving fatal by exhaustion. 
The poisonous effects of Ergot are attributed to the presence of a fixed 
oil. 


SECTION II.— CRYPTOGAM OUS PLANTS. 

Class III.— Aootyj.edones, Jim. Oellulares and Mono- cryptogam.®, DC. 

Tiiallophyta and Acrokrya, Endlkh. Tiiallogens and Acrogens, LindL 

1104. The plants belonging to this class, are in some instances 
composed entirely of cellular tissue; in other instances, both ceils and 
vessels are present. The vascular tissue in the higher orders consists 
partly of closed spiral and sealariform (fig. 02) vessels. Many of them 
have no true stem nor leaves. The woody stem, when present, 
consists of simultaneous vascular bundles, which increase in an aero- 
genous manner (f 103). The, stem of Tree-ferns (which illustrates 
this class) is unbranelied, move or less uniformly cylindrical, hollow in 
the interior, and marked by the scars of the leaves (fig. 110). Stomata 
occur in the epidermis of the higher divisions. Leaves, when present, 
have frequently no true venation, at other times the venation is forked 
There are no /lowers, and no distinct stamens nor pistils. Reproduction 
takes place in some cases apparently by the union of* cells of dilferent 
kinds (anthoridia and pistillidia) (f 402), by means of which ger- 
minating bodies called spores are formed (fig. 408). In other cases it 
is difficult to trace this process of fertilization. The spore may be con- 
sidered as a cellular embryo which has no cotyledons, and germinates 
from any part of its surface, being heterorhizal f>01, fig. 530). 

Subclass 1.— AC'ROGENj® OR CORMOGENuE. * 

1105. A cotyledons, having usually distinct stems and leaves, stomata, 
a certain amount of vascular tissue, and thecas or cases containing 
spores. This subclass corresponds in a great measure with the division 
of Cormophyta, called Acrobrya by Endlicher, and with the Folios* 
or yEthcogam* of De Candolle. 

1106. Order 212. — Eqiiisetaeeap, the Horse-tail Family. Stem 
striated, liollow r , usually branched, containing much silica in its com- 
position, articulated, the joints being separable, and surrounded by a 
membranous toothed sheath. There are no true leaves, green-coloured 

* summit, xotfjws, a stalk or stem, and yswucD, to produce. 
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branches having a straight vernation occupying their place. The 
cuticle exhibits a longitudinal series of stomata. A spiral structure is 
observed in some of the vessels. Reproductive organs collected into 
cones ; spore-cases (thecae or sporangia) attached to the lower surface 
of peltate polygonal scales (fig. 76G), and opening by an internal 
longitudinal fissure (lig. 707); spores in the form of rounded cells, 
surrounded by 2 elastic, club-shaped, hygrometric filaments or elaters 
(figs. 7G8, 709). — Plants with simple or branched stems, the branches 



being jointed arid placed in whorls at the articulations of the stem, each 
whorl consisting of as many branches as there are teetli in the sheath. 
Found in ditches, lakes, and rivers, in various parts of the world. In 
South America, Gardner measured an Equisetum fifteen feet high, and 
three inches in circumference at the lower part of the stem. There is 
only 1 known genus, comprehending about 12 species. Example — 
Equisetum. 

1107. From the quantity of silicic acid contained in them, some of 
the species of Equisetum are used in polishing mahogany. An analysis 
of* them is given at If 226. The spiral filaments which surround 
their spores are interesting objects under the microscope, exhibiting 
marked movements according to the moisture or dryness of the atmo- 
sphere around them. The stomata are arranged in lines on the 
cuticle. In Equisetum h female, often called Dutch Rushes, the sili- 
ceous stomatic apparatus is well seen after the action of nitric acid on 
the stem. There are regular rows of tubercles of a siliceous nature, in 
each of which is a transverse fissure, and at the bottom of the fissure 
a stoma is placed, with its opening at right angles to that of the 
tubercle. Each portion of the stoma has a pectinated (comb-like) 
appearance. The distinctions between the species of Equisetum are 
founded on the nature of the fertile and barren stems, the number of 
stria? or furrows, and the number of teeth at the articulations. 

1108. Order 213. — lillces, the Fern Family. Stem, a rhizome 

Figs. 766-769. — Reproductive organs of Equisetum, to illustrate tlio natural order Equi- 
setace®. 

Fig. 766. — A peltate or polygonal scale, e, taken from the terminal cone-like fructification of 
an Equisetum. c, Tliecte or spore-cases arranged in a verticil on the under surface of the scale, 
p, Stalk by which the scale is attached to the axis. 

Fig. 767.— c, Spore-case seen on its inner surface, with the slit or opening by which the spores 
are discharged. 

Fig. 768.— A spore, s , with the two clavate filaments rolled up in a spiral manner around it. 

Fig. 769.— Spore, $, with the two filaments, which are clavate at each extremity, unrolled. 
These filaments or elaters are hygrometric, and movo about under the influence of moisture. 
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(fig. 770), which creeps along or under the surface of the ground, 
emitting descending roots and ascending fronds (leaves), or which rises 
into the air so as to form an acrogenous trunk (fig. 116). This trunk 
(stipe) is of nearly uniform diameter, is hollow in the interior, marked 
on the hard outer rind by the scars (cicatrices) of the leaves, and con- 
tains vascular bundles of woody, dotted, and scalariform vessels, which 
are enclosed in hard plates, and are arranged in an irregular manner 
(fig. 117). Sometimes the trunk is dichotomous (fig. 118). The outer 
fibrous covering is formed by the bases of the leaves, and is thicker at 
the lower than at the upper part of the stem. The leaves (fronds) have 
a circinate (gyrate) vernation (lig. 770 /'/") ; their veins are generally 
of equal thickness, and either simple or dividing in a forked manner 
771 (fig. 771), or somewhat reticu- 



lated, and occasionally stomata 
occur. Reproductive organs, 
consisting of spore-cases (theca*., 
sporangia.), which arise from the 
veins on the under surface of 
the fronds (figs. 770/"", 771 s, 
772), or from their margin. 
Spore-cases, either stalked, with 
the pedicel passing round them 
in the form of an elastic ring 
(fig. 7711), or sessile and desti- 
tute of a ring. The theca; some- 
times arise from the surface of 
the frond, while at other times 
they spring from below, hav- 
ing a cutienlar covering in the 
form of an indusium or invo- 
lucre (fig. 771). The clusters 
of tlieea; are called sori (fig. 
772). The margin of the frond 
sometimes is folded so as to 
cover the theca;, and at times the 
whole frond is converted into 


rip;. 770.— Rhizome of Scolopcmirium officinale, with several fronds (leaves), /', 
in different degrees of development. In /' and /", the circinate or gyrate vernation is seen. 3n 
the linear transverse sori or clusters of thecae are seen, having the appearance of dark 
lines on the lower surface of the frond. 

Fig. 771-773.— Frond and fructification of Polystichum angulare, to illustrate the natural 
order Filices. 

Fig. 771.— Part of the frond seen on the lower surface, p, Two pinnte covered with sori, *, 
having an indusium. r, llachis or central stalk of the frond. 

Fig. 772.— One of the sori or clusters of theca? cut vertically. ?i, The vein bearing it i, In- 
duBium or fold of the frond covoririg it. c, Theca or sporangia (spore-cases). 

Fig. 773.— One of the thecue separated at the period of dehiscence, a, Incomplete annulus or 
ring, which is elastic, and causes transverse dehiscence of the theca, p, Stalk of the theca. 
s, Spores discharged. 
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clusters of theca?. Certain cellular papillae on the margin or upper 
surface of the fronds have been considered by some as antheridia, 
each of the cells containing a spiral fibre. Link and others s title, that 
among the young thecte (pistiliidia), filamentous bodies occur, which 
are equivalent to stamens. — Ferns are elegant leafy plants, occurring 
chielly in moist insular climates, and abounding in the tropical islands. 
In mild and warm climates they occur in the form of large Tree- 
ferns, fifty to sixty feet high, which give a character to the landscape. 
The theca of ferns has been looked upon its a modified leai‘ having 
the same gyrate or circinatc development as the frond. Leaves have 
occasionally been produced in place of thecae. Ferns having the tliccre 
on the back of the frond, and furnished with an elastic ring or band, 
are called dorsiferous and annulate ; while those having no thecal ring 
are exannulate. 

1109. The order has been divided into several suborders: — 

1. Polypodiea*, theca; on the back of the frond, pedicellate or sessile, distinct, annulate, 

ring vertical, usually incomplete, bursting irregularly and transversely. 

2. Hyrnenophyllea;, theca} marginal or dorsal, nearly sessile, distinct, annulate, ring hori- 

zontal, complete, occasionally oblique, bursting lengthwise. 

3. Osmundea}, theca) dorsal, or forming a separate stalked mass (an altered frond), dis- 

tinct, with a terminal or dorsal ring more or less incomplete, bursting lengthwise. 

4. Ophioglosse®, thecae collected into a spike, formed at the edges of an altered frond, 

distinct, exannulate, two-valved. 

5. Dauaecae, thecae united in masses, exannulate, opening irregularly by a central cleft. 

The generic characters of Ferns are founded on the position and direc- 
tion, covered or uncovered nature of the sori, as well as on the venation. 
Lindley notices 192 genera in his Fiiical Alliance, including upwards 
of' 2000 species. Kunze estimates the species at 5000. There are 
not above 700 species cultivated in Europe. In 1846 there were 687 
species grown in the Royal Garden at Kew. Examples — Polypodium, 
Aspidium, Lastrea, Grammitis, Adiantum, Pteris, Davallia, Woodsia, 
Cyathea; Hymenophyllum, Trichomanes, Aneimia, Lygodium ; Os- 
munda ; Ophioglossum, Botrychium ; Dantea. 

1110. Few of the Ferns are used medicinally. They are in general 
demulcent and astringent. Some yield food. The rhizome of Lastrea 
Filix-mas , Male-shield-fern, has been used as a vermifuge, especially in 
cases of tape-worm. It contains starch, gum, saccharine matte)', tan- 
nin, green fixed oil, and resin. Its properties are ascribed to the fixed 
oil. The rhizome has been used for tanning, and its ashes contain much 
carbonate of potash. The syrup called capillaire, and certain pectoral 
mixtures are prepared from Adiantum pedMum and A. Capillus Veneris. 
The rhizome of Pterk esculenta is used as food in Australia, and that of 
Marattia alata in the Sandwich islands. Many other species of Ferns 
are esculent. The stems and leaf-stalks of Ferns are often covered 
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with scales, and with woolly matter. One ( Davallia camrimm ) is 
called Hare’s-foot Fern on this account, and another (Aspidium Baromez) 
receives the name of Scythian or Tartarian-lamb, because, when pre- 
pared in a particular way, it resembles that animal. 

1111. Order 214. — MarsileAcen* or RhizoeArpew, the Pepperwort 
Family. Stem wanting. Leaves often stalked, with the lamina 
divided into three or more wedge-shaped pieces, sometimes the lamina 
is abortive ; vernation circinate. Reproductive organs near the root 
or along the petiole, enclosed in an involucre ; these organs are of 
two kinds : — 1. Stalked or sessile clustered membranous sacs, con- 
taining minute granules, which some consider as pollen ; hence the 
bodies are called anthers. 2. Membranous sacs, containing cells 
which divide into four, one of which only is developed as a germinating 
body ; the sacs have been called ovule-sacs, and the single developed 
cell is considered by some as an ovule which is impregnated by the 
so-called pollen. The theca! are the bodies from which germination 
proceeds. — Creeping or floating plants, found in ditches and pools in 
various parts of the world, more especially in temperate climates. 
They are not put to any important use. There are 4 genera, and 
upwards of 20 species. Examples — Marsilca, Pilularia, Salvinia. 

1112. Order 215. — Itfcopodlaeew, the Club-moss Family. Stems 
creeping, or corms ; annular vessels in the axis. Leaves imbricated, 
more or less setaceous, sometimes subulate. Thee® axillary and ses- 
sile, 1-3-eelled, opening by valves or indehiscent ; often of two kinds. 
One, round, reniform, or crescentic, containing minute powdery 
matter, and called by some antheridia, though, perhaps, erroneously ; 
the other of a roundish tetrahedral form, enclosing a cell which pro- 
duces four spores capable of germinating ; the spores are considered 
by some as equivalent to ovules, and the mother-cell as an ovary or 
oophoridium (wov, an egg or ovule, and pogsu, to bear). In Jsoetes , 
the two kinds of reproductive bodies are embedded in the substance 
of the base of the leaf. — They are moss-like plants, intermediate be- 
tween ferns and mosses, and in some respects allied to cone-bearing 
plants. They abound in warm, moist, insular climates. There are 
6 genera, and about 200 species. Example s — Lycopodium, Sela- 
ginella, Isoetes. 

1113. Some of the Lycopodium are emetic and cathartic. The 
powdery matter in the thee® is inflammable, and has been used as a 
substitute for sulphur, under the name of Lycopode or vegetable 
brimstone. It is also employed to cover pills, so as to prevent their 
being acted upon by moisture. Lycopodium squama, turn,, a Brazilian 
species, coils up into a ball during the dry season, and unrolls during 
the wet season. 

1114. Order 216. — Mnsci, the Moss Family. Plantshaving a dis- 
tinct axis of growth, often giving off branches or innovations ; no 
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vascular system. Leaves minute and imbricated (fig. 774/), entire, 
or serrated ; sometimes with condensed cells in the form of ribs or 
nerves. Reproductive organs of two kinds: — 1. Antlieridia (fig. 
308), cylindrical or fusiform stalked bags, containing powdery matter 
and phytozoa (fig. 308, 3), and mixed with empty jointed filaments 
or paraphyses (nagdpvo 7$, an offset). 2. Um-shaped pistillidia (fig. 
777), enclosed at first within a calyptra (xaXucrr^a, a covering), which 
is ultimately carried up with them (fig. 775 c), leaving often a sheath 
(vaginula) round the bottom of the fruit-stalk. These pistillidia 
finally become the thecaa (fig. 774) or spore-cases, supported on a 



stalk or seta which has leaves at its base, called perichactial (tts^/, 
around, and a bristle) leaves ; on removal of the calyptra, the 


Figs. 774-777. —Figures to illustrate the natural order Musci. 

Fig. 774. — Funaria hygrometrica slightly magnified. /, Leaves, those connected with the 
seta being called perichuetial. u, Um-like theca, sporangium or spore-case supported on a long 
twisted stalk or seta, p. c, Calyptra, which exists on one of the thecas, and has fallen from the 
other. <?, Operculum or lid. 

Fig. 775.— Theca of Encalypta vulgaris, u, Theca or spore-case, c, Mitriform entire calyptra. 
o, Operculum or lid. s, Top of the seta. The calyptra is transparent, and tho operculum and 
theca are seen through it. 

Fig. 776.— The same theca, u, with the calvptra removed. o t Operculum dotached, showing 
the peristome, p, with its sixteen cilia or teeth. 

Fig. 777.— -Very young theca of Splachnum cut lougitudinally. Apophysis or swelling of 
the seta at the base of the theca, c, Central columella, s, Cavity or bag between the columella 
and the walls of the theca, containing spores. The integument of the theca is formed of different 
cellular layers ; the first, e f forms the epidermis, and is thickened at the summit to form the 
operculum ; there are then two intermediate layers, which ultimately form the teeth of the 
peristome ; and lastly, an inner integument, s, which forms the parietes of the spore-bearing 
cavity. 
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theca is found to consist of a case with an operculum or lid (fig. 
776), which, when it falls off, shows the mouth of the urn either naked 
or crowned with a peristome (<zrsg/, around, and tfro/xa, mouth), con- 
sisting of one or more rows of teeth (in number, four, or a multiple of 
four), distinct, or united in various ways (fig. 776 p). In the centre of 
the theca is a columella (fig. 777 c), and the bag formed between it and 
the parietes of the theca, contains spherical cells called spores, each 
of which divides into four small spores or spor tiles, the germinating 
bodies (fig. 777). In some cases the operculum remains persistent 
and the theca opens by four valves. At the base of the theca there 
is occasionally a fleshy protuberance at one side called a struma, or a 
swelling of the seta called an apophysis (dcroputr/g, excrescence), (fig. 
777 a). The calyptra is sometimes split on one side (dimidiate), at 
other times it is entire (fig. 775 c) or split into short clefts all round 
its base (mi triform). Between the teeth of the peristome and the edge 
of the theca, an elastic ring or annulus is formed ; and occasionally a 
horizontal septum or epipliragm (p^ay/xa, a partition) extends across 
the mouth of the theca?. The seta* arc sometimes twisted, and so are 
the teeth of the peristome. — Mosses are either erect or creeping, ter- 
restrial or aquatic plants found in all moist countries, extending from 
the arctic to the antarctic regions. They abound most in temperate 
climates. They are among the first plants which appear on newly- 
formed islands. In speaking of the morphology of mosses, Lindley 
states that the calyptra may be considered as a convolute leaf, the 
operculum another, the peristome one or more whorls of minute flat 
leaves, and the theca itself as the excavated distended apex of the seta. 
I have a specimen of Tortilla fallax , which I received from the late 
Mr. E. Quekett, in which leaves appear at the top of the seta in place 
of the spore-case. 

1115. Mosses have been divided according as their seta is terminal 

( acrocarpi , axga y summit, and fruit), or lateral ( plmrocarpi , 

crXs uga, side), according as the operculum is adherent or not, and 
according as the mouth of the theca is naked, or has a single or 
double peristome. Divisions have also been adopted, founded on 
the position of the antheridia and pistillidia, &c. Lindley separates 
Andraja from true Mosses, on account of its spore-case opening by 
four valves. According to him there are 46 known genera, and up- 
wards of 1100 species. Examples — Andraja, Pliascum, Gymnostomum, 
Splachnum, Orthotrichum, Dicranum, Bryum, Funaria, Polytrichum, 
Hypnum, Sphagnum. 

1116. Order 217. — Hepatic®, the Liverwort Family. Plants 
having an axis which either bears cellular leaves (fig. 778), or is leaf- 
less and is bordered by a membranous expansion or thallus. Stomata 
are found in the epidermis of some. Ike reproductive organs are — 
1. Antheridia, which are either imbedded in the frond, or situated on 
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rounded sessile and stalked receptacles. 2. Pistillidia, either en- 
closed in involucres and solitary (iig. 778 it), or occurring at the 
edge of the frond, or on the lower 
side of stalked peltate expansions 
(fig. 412). Thecae or developed 
pistillidia, having no operculum, 
opening irregularly, or by four 
valves (fig, 778). Spores (fig. 498) 
often mixed wilh spiral filaments 
called Elaters (fig. 779). Hetero- 
rhizal in germination (fig. 530). — 

Terrestrial plants found in damp 
places, or inhabiting water; some 
having a moss-like appearance. They 
are natives both of cold and warm 
climates, and are generally distri- 
buted over the globe. 

1117. The order has been divided into three sections: — 1. Mar- 
ehanticaj : theca 1 collected in heads, bursting irregularly, no opercu- 
lum, spores with elaters* 2. Jungermanniea} : theca" solitary, opening 
by four valves, no operculum, spores with elaters. 3. lliccicoe : theca 
solitary, decaying so as to allow the spores to escape, no operculum, no 
elaters (fig. 411). Many of the Hepatica" produce gemmae or buds, 
which are developed on the frond in the form of cup-sliaped receptacles, 
and ultimately fall off so as to become distinct plants. Marchcmtia 
hemispherica has been recommended in dropsical cases There are, 
according to Lindley, 05 genera, and about 700 species. Examples — 
March antia, Jungermannia, liiceia. 

Subclass 2 . — Tiiallogen.e* or Cellulares. 

1118. Acotyledons composed entirely of cellular tissue, having no 
distinct axis, nor leaves, nor stomata, propagated by means of spores, 
which are often enclosed in asci. It corresponds to Endficher’s divi- 
sion of Thallophyta, and includes the AmphigainEc of De Candolle. 

1119. Order 218. — Lictienes, the Lichen Family. Plants forming 
a thallus, which is either foliaceous, crustaccous (fig. 780), or pulveru- 

* a green leaf, to produce. 

Figs. 778, 779. — Organs of fructification of Jungerraaniiia Tamarind, to illustrate the natural 
order Hepatica*. 

Fig. 778.—/, Branches covered with imbricated leaves, arranged in a distichous manner. Two 
of the branches bearing thecae, supported on stalks which arise from an involucre at the base, 
t i, Involucres, c, Theca closed in the young state, c', Theca opening by four valves to dis- 
charge the spores and elaters. 

Fig. 779.— r, Receptacle bearing elaters, e, or spiral filaments, one of which shows the double 
spiral fibre, s, Free spores. 
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lent ; these different forms depending on the mode in which the cells 
are developed and combined. The reproductive organs appear on the 
frond in the form of protuberances of various kinds, consisting of an 
outer layer of thick-walled roundish cells, more dense than the tissue 
of the thallus, and of a different colour (fig. 782 cc), and of an internal 
medullary layer of paraphyses and sporangia, lying perpendicularly to 
the outer layer (figs. 78 2 cm, 781 tp). The fructification gradually 
projects more from the surface, and either remains covered with the 
outer layer, or bursts through it. When it remains closed, there is a 
nucleus in the centre. When the fructification bursts through the 
cortical or outer layer, it expands in the form of shield-like discs, called 
apothecia (d-rotf^, a repository), or patellae (fig. 780 s, 781 a) ( patella , 





a hollow disk), or linear expansions called Iirellse (lira, a furrow). 
Sometimes the cortical matter forms a border round the fructification, 
at other times it grows up in the form of a stalk, so as to give rise to a 
podetium (‘ttoSc, a foot). The young theca? (asci) contain spores, vary- 
ing from 4 to 8 (fig. 413), or from 12 to 1G. Occasionally, the spores 
axe in sets of two (fig. 413, 2). Separated cells of the medullary 
layer, of a green colour, called gonidia (yw% generation, and sifiog, 
resemblance), or gongyli, axe considered as another kind of reproduc- 
tive organ. There is much uncertainty as to the real character of the 

Figs. 780-782.— Organs of fructification ot Farmelia Acetabulum, to illustrate the natural 
order Lichenes, section Hymenothalamese. 

Fig. 780.— t, Thallus of the Lichen, s, Apothecia in the form of shields in difforent degrees 
of development. 

Fig. 781.— Apothecium, a, cut vertically and magnified in order to show the layer, tp, formed 
by the union of thecae and paraphyses. 

Fig. 782.— A small portion of the apothecium much more magnified, showing, cm, the central 
medullary layer, cc, The cortical layer. 1 1, Thecae in different degrees of development. 
Paraphyses. 
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spherical or subspherical green bodies called gonidia, which are char- 
acteristic of true lichens. When separated from the parent structure, 
they are capable of forming new plants. Thwaites says that they are 
not gemmae, but that they are analagous to the vesicles of Nos toe, 
one of the Algse. — Lichens are found in all quarters of the globe, 
adhering to stones, rocks, trees, &c. During part of their growth, 
they appear to be capable of deriving most of their nourishment from 
the atmosphere. They have the power of acting on hard rocks, so 
as to disintegrate them in process of time, and many of them contain 
much inorganic matter in their composition. They all grow in the 
air ; none are found submersed. 

1120. The order has been divided into four sections : — 

1. Hymenothalamea^ a membrane, a receptacle): shields open, discoid 

permanent nucleus bearing the sporangia on its surface (fig. 780). 

2. Gasterothalamca) (yao-rfy, a belly) : shields either closed always, or opening by burst- 

ing through the cortical layer of the thallus, the nucleus containing the deliquescing 
or shrivelled sporangia. 

3. Idiothalameae peculiar) : shields closed at first, opemng’afterwards, containing 

free spores in a nucleus composed of the gelatinous remains of the parapliysea and 
sporangia. 

4. Coniothalameae (*»w, powder), pulverulent lichens : shields open, without a nucleus, 

cavity filled with free spores. 

1121. Lichens furnish articles of food and important dyes. Cetrarki 
islnndica , commonly called Iceland Moss, contains a nutritious matter 
cjilled Lichcnin, or Lichen- starch. There exists in it a bitter principle 
also, to which the name Cetrarin lias been given. The plant is used 
as a demulcent and tonic, in the form of decoction or jelly. Cla- 
donia ranejiferirm is a Lichen upon which the Reindeer feeds. Several 
species of Gt/rophora constitute the Tripe de Roclie, on which Franklin 
and his companions subsisted for some time. Many other Lichens, 
such as Sticla pulmonaria , and species of Lecanora , furnish articles of 
food. Rocccila tinctoria from the Canaries, and It fucifonais , furnish 
valuable dyes, under the name of Orchil or Archil. The dye procured 
from them, and from other Lichens, is called Litmus. Lecamra tar- 
tarea supplies the dye called Cudbear. Parmelia parietina contains a 
yellow colouring matter called Parietin or Chrysophanic acid. Some 
species of Variolaria contain a large quantity of oxalate of lime. 
Some plants of the order are aromatic. 

1122. Order 219. — Fungi, the Mushroom Family. The plants be- 

longing to this order consist of cells, sometimes round, sometimes 
elongated in the form of filaments, either placed closely together or 
separated. They are variable in their consistence, being soft or hard, 
fibrous or gelatinous, fleshy or leathery. They never contain green 
gonidia like Lichens, and they rarely grow in water. There exists a 
vegetative system called spawn or mycelium fungus), formed 
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of elongated, simple, or articulated filaments, concealed within the 
matrix, or expanded over its surface, from which varied forms of fruc- 
tification proceed. The mycelium occurs either in a filamentous, a 
membranous, a tubercular, or a pulpy form. The reproductive organs 
consist of spores or spherical cells (usually 4 or some multiple of 4), 
which are either attached to the cellular tissue, and supported often 



on simple or branched filamentous processes (figs. 785, 787 h) called 
sporophores (tf-ro^a, a spore, and to bear) or bask] i a (/3 dag, a 

base); or are contained in theca? (theca, a sac), cystidia {wane, a blad- 
der), or asci (dtfxos, a bag), (fig. 785 c), accompanied with bodies 
called antheridia or parapliyses ; in the latter case, the term sporidia is 
sometimes applied to the spores. The sporophores sometimes end in 
delicate cells bearing the spores, and called sterigmata ((frr } %iy/La, a 
support). In the Agarics or Mushrooms, which are among the best- 
known fungi, there is observed first a roundish protuberance on the 
mycelium. This swelling is called the volva or wrapper, and it gra- 


Figs, 783-787. — Figures to illustrate the natural order Fungi. 

Fig. 783. — A cluster of plants of Agaricus campestris, Mnshroom, in different stages of de- 
velopment. p, Stipe or stalk, ccc, Pileus, hat or cap. v, Velum or indusium which unites the 
pilous and stipe, and when ruptured forms the annulus or ring, a a . h, Lamellae or gills radiating 
from the centre, on the under surface of the pileus, and bearing the hymenium or receptacle of 
the spores. 

Fig. 784.— -Ilymenium seen from above, the spores, s, being scattered over it in sets of four 
(quaternary). 

Fig. 785.— A small portion of the Hymenium much magnified and viewed laterally, h , Its 
tissue composed of cells. 5, Basidia or sporophores bearing the spores ; one of these is figured 
separately, bearing a large number of spores, c, Cystidia or thecai. 

Fig. 786.— A small portion of the pileus of Clathrus oancellatuSj in the form of a sort of net- 
work. The Ilymenium covers its inner surface, and is seen following the contour of the lacunae, 
1 1, of the net-work. „ , 

Fig. 787.— Hymenium much more highly magnified to show the particular form of the 
basidia, b. 8, Spores. 
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dually enlarges, containing in its interior what appears afterwards as 
the agaric with its reproductive bodies. When the volva is ruptured, 
the fully-formed agaric is seen, consisting of an upper rounded portion 
called the pilous or cap (fig. 783 cc), supported on a stalk or stipes 
(fig. 783 p\ On its "under surface is situated the hyrnenium (O^v, 
membrane), or the part where the spores are produced (fig. 783 //), 
covered at first by a thin membrane called a veil (indusium or velum), 
which is ultimately ruptured; and when the rupture takes place at the 
edge of thepileus, an annulus or ring is left on the stipes (fig. 783 ad). 
The hyrnenium, or the part on which the organs of reproduction are 
placed, consists in the agaric of cellular plates, lamella 4 , or gills, radiating 
from the centre (fig. 783 //). In other genera of Fungi (fig. 78fi) it 
consists of tubes or solid columns, or fleshy or gelatinous matter. 
Sometimes the hyrnenium is on the upper surface of the fungus. — 
Cellular plants, often growing on decaying organic matter, generally 
very fugacious, and presenting various colours. They are found in all 
parts of tlie world. 

1123. The following are the divisions usually recognised, as defined 
by Berkeley : — 

1. Ilvmenoniycetes (^v, a membrane, and a fungus): Hyrnenium naked, spores 

in sets of four (fig. 784 b), and borne on distinct sporopliores (figs. 783, 785). 

2. Gasteromycetes ( yxtrrr , $, a belly) ; Hyrnenium enclosed in a membrane (peridium), 

spores as in section 1 (figs. 78fi, 787). 

3. Coniomy cotes powder). Flocci of the fruit obsolete or mere peduncles, spores 

single, often partitioned, and on more or less distinct sporopliores. 

4. Hyphomvcetes to weave) : Thallus floccose, spores naked, often septate. 

5. Ascomycctes a bag) : Sporidia (spores) contained often in sets of eight in 

asci or tubes. 

6. Physomycctes (?£?«, a bladder) : Thallus floccose, spores surrounded by a vesicular 

veil or sporangium. 

Under these sections Berkeley enumerates 598 genera, including about 
4000 species. Examples — Agaricus, Polyporus, Hydnum, Clavaria ; 
Phallus, Geaster, Bovista, Craterium, Nididaria ; Bactridium, Torula, 
Uredo, AEcidium; Ceratium, Tubercularia, Botrytis, Penicillium; Ilel- 
vella, Peziza, Tuber, Erysiphe, Onygena ; Phycomyces, Mucor. 

1124. The plants of this order deserve attention, whether we regard 
their esculent, or their poisonous qualities, or the destruction which 
they cause by their parasitic growth. In this country the chief 
species eaten are Agaricus campestris , the common Mushroom, Agaricus 
Georgiy Morchella esculenta and other species of Morel, Tuber cibarium , 
Truffle. In foreign countries, as in France, Italy, Germany, and 
Russia, numerous Fungi are used as food, which have acted as poisons 
in this country. The process of cooking, as well as the climate, may 
have some effect in modifying their qualities. Agaricus procerus is 
eaten abroad ; but I have seen a case of poisoning from it occur in 
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Edinburgh, In Rome it is stated that the yearly average of taxed 
mushrooms, from 1837 to 1847, was between 60 and 80,000 pounds 
weight. The finest mushroom is said to be the Agaricus Primulas. 
Amanita muscana is a poisonous species, wliich is used as a means of 
intoxication in Kamtschatka. It is said to give this property to the 
urine of those who eat it. It is not easy to distinguish between edible 
and poisonous Fungi. It has been said that the latter are often highly 
coloured, have scales or spots on their surface, tough watery flesh, and 
grow in clusters on wet ground, and often in the shade ; while the 
former are seldom highly coloured, generally white or brownish, rarely 
show scales or spots, have brittle flesh, and grow solitary in dry pastures, 
not in the shade. In some cases Fungi form a staple article of food. 
Darwin states that the inhabitants of Terra del Fuego live upon a 
globular fungus of a bright ye] low colour ( Gyttaria Darioinii ), found 
on the bark of the beech. Many species of Boletus are used as ibod in 
Western Australia, according to Drummond. Mylitta australis is 
known in Australia as Native Bread. 

1125, Some Fungi are limited to certain kinds of decaying matter. 
Many species of Ouygena are found only on the dung, feathers, and 
hoofs of particular animals. Peculiar species of My coderma are deve- 
loped in vinegar, in yeast, and in flour. The rapidity with which 
Fungi sometimes grow is remarkable. Ward noticed Phallus impu di- 
em shoot up three inches in the course of twenty-five minutes, and 
attain its full elevation of four inches in an hour and a half. Bovista 
gigantea , in a single night, has increased from the size of a pea to that 
of a melon. The force also with which the}^ expand has been shown 
by their raising pavements under which they had been developed. 
Some Fungi, as Agaricus oreades , coccineus , and personatus , are deve- 
loped in a centrifugal manner, forming fairy rings. Certain species of 
Agaricus give out a sort of phosphorescent light. This has been re- 
marked in Agaricus olearius , Agaricus Gardner i, and some species of 
Agaric from the Swan River. A similar kind of light is produced by 
species of lihizornorpha wliich occur in coal mines. Polyporus fomen- 
tarius forms amadou, and it, as well as P. betuliuus , have been made 
into razor-straps. 

1126. The diseases caused by Fungi are numerous (f 693-696). 
Blight, mildew, rust, and smut, are diseases of grain due to the attacks 
of Fungi Dry-rot is owing to the presence of Mendius lacrymans and 
vastator , and Polyporus destructor , the mode of preventing which has 
been already alluded to (f 699). The disease called ergot, which 
attacks Rye and other grasses, is produced by the Spennoedia Claims 
(IT 1103). The various moulds which occur on bread, cheese, pre- 
serves, and fruits, are plants of this extensive order. Pmicillium 
glaucum is one of the most common moulds, occurring on organic sub- 
stances, on books, &c. A species of Eacodium is found in low cellars, 
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as at the London docks. Some Fungi are produced on living animals. 
Thus, the disease called muscardine in the silkworm is produced by 
Botrytis Bassiana. Certain wasps in the West Indies are affected by a 
similar disease, Sphwria sinensis , a celebrated Chinese drug, grows 
from a caterpillar; Sphairia liohertsii is developed on the larva of He- 
pialus virescens in New Zealand; and Sphcrria Taylori on an Australian 
caterpillar. So are also Sphtvria sobolifera , entomorhiza , militarise and 
others. Particular kinds of mould sometimes grow on the mucous 
membrane of birds. Some mycodermatous Fungi are connected with 
certain cutaneous and other diseases in the human species. Tims, 
cellular filaments called Porrigophytes are found in the crusts of 
Porrigo favosa, Mentagrapliytes in those of Mentagra or Sycosis menti , 
and Aphthaphytcs in Aphthae. 

1127. Order 220. — Algw, the Sea-weed Family. Cellular plants 
found both in salt and in fresh water. Fronds composed of variously 
formed, often elongated cells, which are either simple or branched fila- 
ments, continuous or articulated, separate, or combined in different 
ways (fig. 20) so as to constitute fronds of various kinds (fig. 788), 
Growth takes place by the division of cells, or by cellular prolonga- 
tions, in the form of lateral branches. Keproductive organs consist of 
spores, which arc contained in mother-cells or perispores (crgg/, around, 




Pigs. 788-792.— Frond and organs of reproduction of Fucus scrratus, to illustrate the natura 
order Alga*. 

Fig. 788. — The entire plant much diminished in size. /, Frond composed of cells, so united 
as to form a flat expansion, c c, Conceptacles at the extremities of the frond, containing the 
organs of reproduction. 

Fig. 789— Extremity of the frond covered with conceptacles. 

Fig. 790. — Vertical section of a conceptacle, c, with its iuncr surface covered with spores 
(sporocarps), and paraphvses, or antheridia. t, The superficial cellular tissue of the frond, in 
which the conceptacle is huried. o, Foramen by which the conceptacle opens externally. 

Fig. 791.— Spore, &p, covered with its perispore or sporocarp, p. /, Filaments or paraphyses 
by some called antheridia. 

Fig. 792.— Spore, s, separated and deprived of its perispore or outer covering. 
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and A, seed), or sporocarps (xapcrog, fruit). These are sometimes 
congregated together in receptacles of different sorts (figs. 788 c c, 
789). The spores occasionally divide into 3 or 4 cells, constituting 
tetraspores (rsrgdc, four). In addition to spores or sporocarps (fig. 
791 sp\ there are sometimes round, or clavate, or filamentous cellular 
bodies present, to which some give the name of antheridia (fig. 791 /). 
In some of the simplest Alga 1 , the whole plant is concerned in producing 
new individuals by division of the parent cells into 2 or 4. In others 
there is a union of 2 filaments, and a passage of certain granular par- 
ticles (endochrome) from the one to the other, ending in the formation 
of the spore. This process is termed conjugation , and is one of great 
interest. It has been observed in some of the Confervaceai and I)iato- 
macm\ In certain cases, the terminal cell of the filament is that in 
which a spore is formed without any conjugation, and in these cases 
the spore is frequently provided with ciliary processes, which exhibit 
for a time spontaneous movements (figs. 431-434); hence called 
zoospores. In the higer Alga?, the sporocarps containing 2, 4, or more 
reproductive cellules, are united together in conceptacles along with 
filaments containing phytozoa, and called antheridia. (figs. 790, 791). 
In Char ace (v there are two distinct organs of reproduction. 

1128. This extensive order has been divided into the following sub- 
orders : — 

1. Characeae : water plants formed of parallel tubes, which are sometimes encrusted with 

carbonate of lime ; reproductive organs are of two kinds — a, a round red globule 
consisting of eight valves which enclose cells of different kinds, containing granular 
matter and peculiar spiral filaments or phytozoa (fig, 309) ; 6, an oval nucule 
formed by a large central cell or spore, with five elongated cells wound spirally 
round it, surmounted by five teeth. Some consider the globule as an antheridium, 
and as equivalent to an anther. The nucule contains the germinating body. The 
rotation of granules takes place in the plants of the tribe (^f 275, 270)* 

2. Fucacese, the Sea- wrack tribe : usually growing in salt water; frond consisting of cells 

which are often united by gelatinous matter (fig. 29), and which sometimes form a 
broad expansion fa membranous thallus), supported on a stalk; organs of repro- 
duction consist of sporocarps and antheridia, contained in conceptacles opening ex- 
ternally (fig. 790), which are united in club-shaped expansions or receptacles, 
situated at the end or margins of the fronds (figs. 788, 789). In germinating, the 
nucleus bursts the epispore or outer covering of the spore, and sends out filamentous 
processes. 

3. Floridese or Ceramiaceae : rose or purple-coloured sea-weeds, with fronds formed of a 

single row of articulated cells, or of several rows of cells combined into a flat ex- 
pansion ; organs of reproduction consist of sporocarps or perispores, intenniugled 
with clavate filaments called antheridia. The sporocarps contain cells or spores 
often divided into four (tetraspores), and enclosed in conceptacles of various kinds. 

4. Confervaceae : aquatic plants often of a green colour, consisting of one or more cells 

of a rounded or cylindrical form, united together so as to form an articulated or fiat 
frond. They increase by the merismatic division of cells. Reproduction effected 
by spores which are formed in the interior of the cells by a change in the arrange- 
ment of the granular matter, or by the union of filaments of different plants, a 
process of conjugation, by which granular matter passes from one to the other. 
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The spores are discharged by the opening of the cells, and they often have moving 
cilia (figs. 431-434). 

5. Diatom aceso : inhabiting still waters and moist places ; fronds consisting of frustula or 
fragments, which are either angular or cylindrical, often siliceous and brittle (non- 
siliceous in Desmidiese), united by a gelatinous sort of substance ; propagated by 
the division of parent cells into two halves, which become more or less completely 
detached, and form new individuals. Conjugation also takes place in some in- 
stances, in the same way as in the Confervaceae. 

Lindley enumerates 283 genera, including about 2000 species. Exam- 
ples — Chora, Nitella; Fucus, Sargassum, Laminaria, Padina, Ectoear- 
pus, Bryopsis; Ceramium, Delesseria, Rhodymenia, Oliondrus; Conferva, 
Ulva, Oscillatoria, Fahnella, Protococcus ; Diatoma, Ilomococladia, 
Desmidium. 

1129. The plants of the order are ’widely distributed over the globe, 
being found in salt and fresh water, in moist places, as on damp rocks 
and stones, and the glass and pots of hothouses, and even in hot 
springs. Sometimes they present collectively the appearance of green 
slime. They derive nourishment chiefly from the medium in which 
they grow; and the root-like processes with which some of them are 
provided, seem to be merely for the purpose of fixing them. Some of 
the species are very gigantic, others very minute, requiring the aid of 
the microscope for their detection. The lowest members of the order 
approach very nearly to the lowest tribes of animals, and it is difficult 
to draw a line of demarcation. Many species now considered vegetable, 
such as Corallina officinalis and many .1 Hatomacew, are figured as 
animals by Ehrenberg. There are interesting movements connected 
with the cells of many Alga*, such as Oscillatoria ; and Nostoc . Home 
of the species found in the ocean have conspicuous stems, which 
sometimes present the appearance of zones in their interior 10G). 
Among the large-stemmed species may be noticed Durvillea v til is 
and Lessmia fuscescem. Scytosipkon ( Chorda ) Filum attains in the 
British seas a length of 30 or 40 feet, while Macrocystis pyrifera 
in the Pacific ocean reaches the length of 500 to 1500 feet. Some 
of the Laminarias of Britain have stalks of considerable size. Sar- 
gassum lacciferwn. , the Gulf -weed, is found floating in great quan- 
tities on each side of the equator in the Atlantic, Pacific, and Indian 
oceans. Protococcus nivalis and virulis are said to occur in red and 
green snow. The red and green colour of certain lakes and seas 
are attributed to species of Trichodesmiim and Sphcrrozyga. Ac- 
cording to Dr. Joseph Hooker, Diatomacew are found in countless 
numbers between the parallels of G0° and 80° S., where they give 
a colour to the sea, and also to the icebergs floating on it. The 
death of these bodies in the South Arctic ocean is producing a sub- 
marine deposit, consisting entirely of the siliceous particles which 
entered into the composition of these plants. Conferva crispa 1 called 
Water-flannel, forms beds of entangled filaments on the surface of 
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water. Species of Tyndaridea also occur in thick green patches. Hy- 
drodictyon utriculatwn , Water-net, has the appearance of a green net, 
composed of filaments which enclose pentagonal and hexagonal spaces. 
Achlya prolifera , and other Conferva?, are developed occasionally on 
living animals, such as on the gills of the gold-fish and of trout. Cer- 
tain organisms have been detected in the human stomach, which appear 
to belong to this order. One of these is called Sarcinula ventriculi by 
Goodsir, and was ejected by vomiting in a case of pyrosis. It consists 
of square cells united together in sets of four, and propagating by 
division. 

1130. The plants of this order supply a quantity of gelatinous mat- 
ter, and many of them are used for food. Kelp is obtained by the 
burning of Sea-weeds, and iodine is procured from them, tfphcrrococ- 
cus ( Chondrus) Carrageen or Irish Moss, supplies a nutritious 

article of diet, lihodymenia palmate <, Dulse, Alaria csculenta , Ir Ultra 
young plants of Laminaria diejitata and saccharina , Tangle, as 
well as various species of Porphyra , Laver, and IJlva, Green Laver, 
are esculent. The edible swallows’-nests of the East are said to be 
formed of a species of Gelidium. tfpha’rococcus cartilagineus , var. seta- 
ceus , is used in China as a substitute for these nests. Agar-agar is a 
sea-weed of a similar land. Nostoc edule is used in China as an article 
of food. The use of burnt sea- weed, in cases of scrofulous swellings, 
has been superseded by the discovery of iodine, the active ingredient. 
Plocaria ( Gigartina ) Helminthocorton , under the name of Corsican 
Moss, was formerly used as a vermifuge. The Charas have frequently 
a peculiarly fetid odour, and their presence is said to give rise to 
malaria. Occasionally they communicate their odour to the water of 
reservoirs, and render it unpleasant. It is of importance for Water 
Companies to see that Charas do not exist in the streams which supply 
the water for their reservoirs. 


For full details on the subject of Classification, the arrangement and characters of 
natural orders, and the properties of plants, the student should consult Dudley’s Vege- 
table Kingdom. 



PART III. 


GEOGRAPHICAL BOTANY, OR TI1E DISTRIBUTION 
OF PLANTS OYER THE GLOBE. 


1131. This department of Botany treats of the manner in which 
plants are affected by climate and station, and endeavours to investi- 
gate the conditions under which particular families, or species of plants, 
are confined to certain zones of latitude and altitude. It is a subject of 
great interest, and one which cannot be prosecuted with success until 
the vegetation of the globe is more fully known. So long as there are 
vast tracks of continents unexplored by botanical travellers, the facts 
upon which Botanical Geography is founded must be imperfect. 

1. — EriEKHEOLOGY, OR TITE INFLUENCE OF VARIOUS EXTERNAL 
AGENTS ON PLANTS. 

1132. It is matter of common observation, that the localities and 
soils in which plants grow vary much. Thus, some species grow in 
the shade, while others thrive best in full exposure to light ; some 
grow in mountainous or alpine districts, while others prefer the plains ; 
some are found in dry, others in marshy places ; some are submersed 
in lakes or in the sea; while others live on muddy banks, or on 
tfandy shores. The plants growing on a granitic or micaceous soil differ 
frequently from those found on trap, limestone, or sanlstone. It is 
equally well known that climate exercises a powerful influence on ve- 
getation, modifying the Floras in different regions of the globe. Some 
plants are fitted to bear the rigour and duration of an arctic winter, 
with a moderate summer heat, others require the heat and light of the 
torrid zone ; and between these two extremes, there are all varieties 
of gradation. Thus vegetation extends over the whole globe, from one 



560 


EPIERIIEOLOGY. — TEMPERATURE. 


pole to the other — from the summit of the highest mountains to the 
bosom of the ocean. Palms, Bananas, 'Free Ferns, and Orchideous 
Epiphytes, are chiefly confined to the tropics ; Cruciferous and Umbel- 
liferous plants are found in temperate regions ; some Coniferous and 
Amentaceous plants flourish in more northern countries, while Saxi- 
frages and Lichens extend to the arctic regions. In warm regions are 
found those fruits which are so necessary for the well-being of the in- 
habitants ; in temperate climates chiefly, occur the cereal grains for 
the food of man, and the green pastures for the nourishment of cattle; 
and in the arctic regions, the Lichen, on which the reindeer feeds, 
grows luxuriantly. 

1133. The number of known species of plants amounts to about 
100,000. The following is an estimate of the known species of plants 
on the globe at different dates : — 


Linnaeus, 

.... 1753... 

... 5.323 Phanerog. 

615 Cryptog. 

5,938 

Per soon, 

.... 1807... 

...19,949 — 

6,000 — 

25,949 

Steudol, 

.... 1824... 

... 39,084 — 

10,965 — 

50,649 

Steudel, 

.... 1841 ... 

... 78,000 — 

13,000 — 

91,000 

Steudel, 

.... 1844 ... 

... 80,000 — 

15,000 — 

95,000 


In 1846, Lindley gave the following estimate of known genera and 
species : — 

Thallogens, . 

Acrogens, ., 

Rhizogens, . 

En do, gens,.. 

Dicfcyogensf 
Gymnogens, 

Exogens, ... 


Total, 8,935 92,920 


939 Genera, 8,394 Species. 


310 

— 4,086 

21 

— 53 

1,420 

— 13,684 

17 

— 268 

37 

— 210 

6,191 

— 66,225 


Much yet remains to be done in regard to the Floras of India, China, 
Africa, New Holland, and South America. Meyen conjectures that 
the total vegetation of the globe may be about 200,000 species. 

1134. The distribution of species over different quarters of the globe 
is regulated by various external agents, the study of which is termed 
Epirrheology (Jcr/epew, to influence). These agents are chiefly tem- 
perature and moisture, and the nature of the soil. The effects pro- 
duced on plants by increase or decrease of light, and by changes in 
the state of the atmosphere, have not been sufficiently determined. 

1.— Effects of Temperature. 

1135. The effects of this agent must be considered both as regards 
its latitudinal and its altitudinal ranges. In proceeding from the equa- 
tor to the poles, or in ascending from the surface of the ocean to the 
summit of a lofty mountain, there is a gradual decrease of temperature, 
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and, at tlie same time, marked changes in the nature of the vegetation. 
The scale of atmospherical temperature serves as a scale for the pro- 
gress of vegetation. As regards the latitudinal distribution of heat, 
the globe has been divided into eight regions, four northern and four 
southern — viz., a tropical region, from the equator to the limits of the 
tropics in each hemisphere ; subtropical, between this and 40° of lati- 
tude; temperate, between 40° and 60° of latitude ; arctic and antarctic, 
beyond 60° of latitude. 

1136. Each species of plant is adapted to thrive best between certain 
limits of temperature. These limits do not necessarily coincide with 
any definite parallels of latitude; for it is well known that the climate 
of different places in the same latitude is very different. It is of im- 
portance, therefore, to ascertain the mean temperature of the year, or 
rather of different seasons. I>y drawing lines through different places 
where the mean annual temperature is the same, Humboldt has estab- 
lished a series of isothermal (/<ro?, equal, and Osgfity heat,) lines intersect- 
ing the parallels of latitude. These lines run in curves, which rise in 
their course from the eastern coast of America, towards western Europe, 
and sink towards the south in the interior of the continent, — and that so 
quickly, that Scotland lies in the same isothermal line as Poland, and 
England as Hungary. It is clear, therefore, that the isothermal lines 
in the higher latitudes do not, by any means, correspond with the par- 
allels of latitude. At the equator, however, these lines coincide more 
nearly. Much depends upon the temperature of the different seasons. 
Thus, a place which has a very cold winter, and a very warm summer, 
may be in the same isothermal line with one in which the. temperature 
of both these seasons is moderate, and plants which succeed well in the 
one may not grow in the other. Cherry-laurels and other Evergreens, 
which grow well in the open air in England, will not stand the winter 
of places on the continent in the same isothermal line. It is necessary, 
in determining the geographical distribution of* plants, to take into ac- 
count the mean summer and the mean winter heat, and, better still, the 
mean monthly temperature. The distribution of temperature among 
the different months of the year is of importance, especially in reference 
to the heat and duration of the summer months ; for many plants, pro- 
tected by a covering of snow, are enabled to brave rigorous winters, 
provided the summer be hot enough, and of sufficient duration. Lines 
passing through places having the same mean summer temperature are 
called isotheral (i'tfos, equal, and Oegog, summer) ; those passing through 
places with an equal mean winter temperature, are isocheimonal {yjitbw, 
winter). The isocheimonal lines in the interior of continents bend con- 
siderably towards the south. The isotheral lines bend to the north, 
but in the interior of continents they approach the parallels of latitude. 
Many circiunstances conspire to infl nonce the temperature of countries. 
Insular and coast climates are more equable, from the effect of the sea 

2 N 
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in preventing the atmosphere from being much heated during the day, 
and much cooled during night. In the interior of vast continents the 
extremes of temperature are often great. Winds have a powerful 
effect on climate. In China, the north-east monsoon brings great cold 
in February. The state of a country as regards forests, has a decided 
effect on the temperature. In different quarters, the nature of the 
exposure, also, whether to the east or west, north or south, and the 
intervention of elevated ranges of mountains, materially affect the 
temperature. 

1137. Temperature, in its hypsometrical altitude, and /xer^ov, 

measure,) relation, or as regards its altitudinal range, requires to be 
considered. In ascending into the atmosphere, a decrease of tempera- 
ture is observed, which varies in its amount at different stages of ascent. 
The following table shows the temperature at different heights in the 
equatorial and temperate zones : — 


Height Equat. Zone. Temp. Zone, 

in feet. Lat. 0 C -10° Lat. 45°-47° 

0 81°.r>0F. Mean. 53°.60 F. 

3.197 71 .24 41 .00 

6,394 64 .40 31 .64 

9,591 57 .74 23 .36 

12,789 44 .60 

15,985 37 .70 


Taking an average, it may be said that there is a fall of 1° in the ther- 
mometer for every 340 feet of ascent. Prof. Forbes states that 549.5 
feet of ascent give a difference of 1° of the thermometer in the boil- 
ing point of water. The elevation at which constant frost takes place 
is called the snow r -line or line of perpetual congelation. Its limit does 
not exactly correspond with the height at which the temperature is 
equal to 32° F. The following table gives the height of the snow-line 
(in feet) at different latitudes : — 


Lat. 

Height of 

Lat. 1 

Height of 

Snow Line. 

Snow Line. 

0 

15,207 

50 

6,334 

5 

15,095 

55 

5,034 

10 


60 


15 

14,220 

65 

2,722 

20 

13,278 

70 

1,778 

25 

12,557 

75 


30 

11,484 

80 


35 

10,287 

85 

117 

40 

45 

9,001 

7,671 

90 

0 


The decrease of temperature on lofty mountains regulates, in a great 
measure, the nature of the plants which grow at different heights. The 
same changes take place as have been shown to occur in proceeding 
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from the equator to the poles. The following observations made on 
the growth of certain trees on the Grimsel, show the relation between 
height and latitude : — 

Lat. On the Grimsel. 


Beech, which extends to G0° 


Oak, 61° 

Fruit Trees, 63°) 

Hazel, 64°) 

Norway Spruce, 67° 40' 

Scotch Fir, 70° 

Birch, 70° 40' 


grows about the height of 3000 feet. 
2600 — 

3400 — 

5000 — 

6000 — 

6400 — 


2. — Effects of Moisture. 

1138. The quantity of moisture in the air has a decided effect on the 
distribution of plants. Nothing checks vegetation more than extreme 
dryness. Hence the barrenness of those hot sandy deserts, which ex- 
hibit only an arid waste, without a single blade of grass to relieve the 
eye of the weary traveller. In warm and dry climates, succulent plants 
occur, with hard epidermal coverings, capable of resisting the effects of 
evaporation and transpiration. Among these may be noticed Cactacese, 
Mesembryaceae, Euphorbias, and some of the Aloe tribe. In the dis- 
tricts of Australia, wdiere a dry climate prevails, many plants, such as 
Proteas, Banksias, and leafless Acacias, have hard and dry foliage, capable 
of enduring much drought without injury. In warm climates, the 
effect of the dry season on vegetation is very remarkable. This season 
may be said to correspond with our winters. In some parts of South 
America, where no rain falls for eight months of the year, the leaves 
during the dry season fall, buds are developed in their axils, and it 
is only when the wet season arrives that the trees become clothed 
with verdure, and the herbage appears. Forests appear to keep up 
the humidity of the atmosphere in a country, and thus have a power- 
ful influence on the climate. 


3.— Effects of Soil, Light, and other Agents. 

1139. The physical localities in which plants grow vary consider- 
ably. These variations are connected with the dryness and moisture of 
the soil, as well as with its mechanical and chemical composition. Some 
plants are fitted to grow in water, others in marshes ; some grow in 
peaty soil, others in sandy soil. The nature of the soil, whether sili- 
ceous, clayey, calcareous, or saline, has an effect in modifying the vege- 
tation. Prof. E. Forbes states, that, in Syria, lie could easily distinguish 
the serpentine from the limestone, not merely by their geological char- 
acters, but also by the disposition of the arborescent vegetation. On 
the serpentine, usually pines only grew, and never in thick forest masses, 
but scattered ; whereas the limestone bore thick clustered oaks and a 
luxuriant underwood, with now and then clumps of lofty pines. In 
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the low countries near the sea, the serpentine was marked by Seneeio 
squalidus, a little Erophila, and Cheiianthes odora ; while on the lime- 
stone, Acrostielmm laimirinosum, was a conspicuous fern. 

The following is a division of plants according to the botanical sta- 
tions or physical localities in which they grow, whether placed there by 
nature or by art : — 

A . — Plants growing in Water , whether Salt or Fresh . 

1. Marine plants, such as Sea- weeds, Lavers, &c., which are either buried in the ocean, 
or float on its surface; also, such plants as Buppia and Z astern. In the Sargasso Sea there 
are floating meadows of Saryassum bacvlferum , gulf- weed. This sea extends from 22° to 
36° north lat., and from 25° to 45"" west long, from Greenwich, and extends over 
40,000 square miles. 

2. Maritime or saline plants. These are plants which grow on the border of the sea, 
or of salt lakes, and require salt for nourishment, as Salicornia , glasswort, Salsvla , salt- 
wort, Anabasis. Such plants are often called Halophytes («*?, salt, and (pvrlv, a plant). 
Under this head may be included littoral and shore plants, such as Anmria, sea-pink, 
Glcmx , and Samolus . 

3. Aquatic plants, growing in fresh water, cither stagnant or running; as Sagittaria , 
arrowhead, Nympluvn , water-lily, Fotumogefon, pondweed, Snbvhria , , awlwort, Utrim - 
laria, bladderwort, Stratiotes, water-soldier, Lemna, duckweed, Pistia, Conferva Oscilla- 
tor i<v, and Ranunculus Jluvi a tills. Some of these root in the soil, and appear above the 
surface of the water; others root in the soil and remain submersed ; while a few swim 
freely on the surface without rooting below. 

4. Amphibious plants, living in ground which is generally submerged, but occasionally 
dry, as Ranunculus a quad l is and scelcmtus , Polygonum amphibium , Nasturtium amp hi - 
biurn. The form of the plants varies according to the degree of moisture. Some of these, 
as Limosclla aqua tic a, grow in places which are inundated at certain periods of the year ; 
others, such as Rhtzaphoras (mangroves), and Aviccnnias, form forests, at the mouths of 
muddy rivers in tropical countries. 

B . — Land Plants which Hoot in the .Earth and Grow in the Atmosphere . 

5. Sand plants ; as Car ex are writs , Ammophila armaria , Elymus arenarius , and 
Calamagrostis arenaria , wdtieh tend to fix the loose sand, Flautayo arenaria, Utirniaria 
glabra , Stsdum acre. 

6. Chalk plants ; plants growing in calcareous soils, as some species of Ophrys , Orchis , 
and Cyjrripedium. 

7. Meadow and pasture plants ; as some species of Lotus , bird’s-foot trefoil, a great 
number of grasses and trefoils, the daisy, dandelion, and buttercups. 

8. Plants found in cultivated ground. In this division are included many plants which 
have been introduced by man along with grain ; as Centanrea Cyanus , corn blue-bottle, 
Sinapis arvensis , common wild mustard, A grostemma, corncockle, several species of Ve- 
ronica and Euphorbia, Lolium temulmtum , Convolvulus arvensis , Ckhorium Jntybus ; also 
plants growing in fallow ground, as Tiumex Acetoselln , Carduus nutans , Echium vulgar e, 
Artemisia enmpestris , and Androsace septentriminlh In this division, garden weeds are 
included ; such as Groundsel, Chickweed, Lamium amplexicaule , Chenopodium rnlgare , 
and viride. 

9. Rock or wall plants ; Saxifrages, Wall-flower, Linaria Cymbalaria , Draba muralis , 
species of Sisyudmum and Sedum, Aspknium Pnta muraria, and some lichens and mosses. 

10. Plants found on rubbish heaps, especially connected with old buildings. Some of 
these seem to select the habitations of man and animals, on account of certain nitrogenous 
and inorganic matters, which enter into their composition. Among them may be noticed, 
Nettles, Pellitory, Docks, Borage, Henbane, Xanthiim. Here, also, have been placed some 
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plants immediately connected with the habitation of man, such as Racodium cellare , a 
fungus found on wine casks, Conferva fenestr alls , an alga produced on window-panes, and 
Conferva demdrita , one developed on paper. Some plants, as Sempervivum tectorum , 
select the roofs of houses. 

11. Plants growing in vegetable mould; such as bog-plants, or those growing on wet 
soil, so soft that it yields to the foot, but rises again ; and marsh plants, growing in wet 
soil, which sinks under the foot and does not rise. To the former class belong such plants 
as Pinguicula alpina and Primula farirma ; to the latter, such as Menyanthes , Coma- 
rum, Bidens cernua. 

12. Forest plants, including trees which live in society, as the Oak, the Beech, Firs, 
&c., and the plants which grow under their shelter, as the greater part of the European 
Orchises, some species of Car ex arid Orobanche . Some plants especially grow in pine 
and fir-woods, as I Anna, a borealis , and some Pyrolas. 

13. Plants of sterile places, found in barren tracts, by roadsides. This is a heteroge- 
neous class, and contains many plants of uncertain characters. Under it are included the 
plants of uncultivated grounds, as those found on moors, where Calhma vulgaris , common 
heather and various Heaths, Juniper, Andromeda, and some species of Poigtriehum occur. 

14. Plants of the thickets or hedges, comprehending the small shrubs which constitute 
the hedge or thicket, as the Hawthorn arid Sweet-briar; and the herbaceous plants which 
grow at the foot of those shrubs, as A doxa, Wood Sorrel, Violets; and those which climb 
among their numerous branches, as Bryony, Black Bryony, Honeysuckle, Traveller’s Joy, 
and some species of Lath yr us. 

If). Plants of the mountains, which De Candolle proposes to divide into two sections : 
1. Those which grow on alpine mountains, the summits of which are covered with per- 
petual snow, and where, during the heat of summer, there is a continued and abundant 
flow of moisture, as numerous Saxifrages, Gentians, Primroses, and Rhododendrons. 2. 
Those inhabiting mountains, on which the snow disappears during summer, as several 
species of Snap-dragon, among others the Alpine Snap-dragon, Umbelliferous plants, 
chiefly belonging to the genus Resell, meadow Saxifrage, Labiate plants, &c. 

C. — Plants Growing in Special Localities. 

16. Parasitic plants, which derive their nourishment from other vegetables, and which, 
consequently, may be found in all the preceding situations; as the Mistletoe, species of 
Orobanche, Cuscitfn (Dodder), Jjoranthus, Rajflesia, and numerous Fungi. 

17. Pseudo-parasitic plants, or Epiphytes, which live upon dead vegetables, as Lichens, 
Mosses, &c., or upon the bark of living vegetables, but do not derive much nourishment 
from them, as Fpidendrum , A e rules, and other Orchids, as well as Tillandsia, Bromelia , 
Pothos, and other air-plants. 

18. Subterranean plants, or those which live underground, or in mines and caves, 
almost entirely excluded from the light, as Byssus, Truffles, and some other cryptogamic 
plants. 

19. Plants which vegetate in hot springs, the temperature of which ranges from 80° 
to 150° of Fahrenheit’s thermometer ; as Vitex Agnus-castus, and several cryptogamous 
plants, as Diva ther malls, the hot-spring Laver. 

20. Plants which arc developed in artificial infusions or liquors, as various kinds of 
Mucor , causing mouldiness. 

21. Plants growing on living animals ; as species of Splmria and Sa^cinula, and various 
other Fungi and Alga?. 

22. Plants growing on certain kinds of decaying animal matter ; such as species of 
Onygena , found on the hoofs of horses, feathers of birds, &c., some species of Fungi, 
which grow only on the dung of animals, and certain species of Splachnum. 

1140. Light is an agent which has a powerful influence on plants, 
as regards their vigour, irritability, secretions, and colour. Hence, in 
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those regions where the light is intense, the vegetation presents certain 
peculiarities. The luxuriance and greenness of the leaves, the nature 
of the woody matter deposited, of the fruit produced, and of the secre- 
tions formed, are all influenced in some degree by the intensity of the 
sun’s rays. Little is known in regard to the effects of increased or 
diminished atmospheric pressure on plants. The effects of the atmo- 
sphere have been studied chiefly as regards dryness and moisture, and 
the mixture of certain gases with it, especially in the vicinity of manu- 
facturing towns (f 297). 

1141. The effects of climate and season on the leafing, flowering, and 
fruiting of plants, may be seen in the case of some species which are 
found distributed over various countries in Europe. Berghaus has 
made an extensive series of observations on the subject. The Lilac 
( Syringa vulgaris), according to him, unfolds its leaves at Naples, in 
latitude 41°, during the first half of the month of January; near Paris, 
in latitude 49°, on the 12th March. The Elder unfolds its leaves 


At Naples, January 1 — 15. 

At Paris, February 14. 

In England, March 8. 

At Upsal, March 1 — 8. 

The Beech unfolds its leaves 

At Naples, End of March. 

In England, 1st May. 

At Upsal,, Beginning of May. 


In regard to flowering, Berghaus states, that in the middle latitudes 
of Europe and North America, it is generally four days later lor each 
degree of latitude towards the north. The same plants flower at 
Zurich 6 days later than at Parma ; at Tubingen, 13 days later ; at 
Jena, 17; at Berlin, 25; at Hamburgh, 33; at Greifswald, 36; and 
at Christiania, no less than 52 days later than at Parma. In the Berlin 
district, an elevation of 1000 feet renders vegetation 10 to 14 days 
later : so also in regard to fruiting. The wheat harvest begins 

At Naples, In June. 

In Central Germany, July. 

In the South of England, August. 

Ripe Cherries are to be had 

At Naples, First days of May. 

At Paris, End of June. 

In Central Germany, do. 

In the South of England, 22d July. 

II.— DISSEMINATION OF PLANTS. 

1. — Agents employed in their Dissemination. 

1142. Some plants are disseminated generally over the globe, while 
others are confined within narrow limits. Some of the common weeds 
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in Britain, such as Chickweed, ShepherdVpurse, and Groundsel, are 
found at the southern extremity of South America. Lemna minor and 
trisulca, Convolvulus sepium, Phragmites communis, Ciadium Maris- 
cus, Scirpus lacustris, J uncus effusus, and Solanum nigrum, are stated 
by Meyen to be common to Great Britain and New Holland. Nas- 
turtium officinale, and Samolus Valerandi, are very extensively diffused, 
and they may be reckoned true cosmopolites. They are both natives of 
Europe, and they occur, the former near Rio Janeiro, the latter at 
St. Vincent. The lower the degree of development, the greater seems 
to be the range. Some Crypt ogamic plants, as Lecanora subfusca, are 
found all over the world. Man has been instrumental in diffusing 
widely culinary vegetables, such as the potato, and the cereal grains, 
as well as many other plants useful for food and manufacture. Corn 
plants, such as Barley, Oats, Rye, Wheat, Spelt, Rice, Maize, and Millet, 
are so generally cultivated over the globe, that almost all trace is lost of 
their native country. They can arrive at perfection in a great variety 
of circumstances, and they have thus probably a wider geographical 
range than any other kind of plant. As regards these plants, the 
globe may be divided into five grand regions — the region of Rice, 
which may be said to support the greatest number of the human race; 
the region of Maize; of Wheat; of Rye; and lastly, of Barley and Oats. 
The first three are the most extensive, and Maize has the greatest 
range of temperature. The grains extending farthest north in Europe 
arc Barley and Oats. Rye is the next, and is the prevailing grain in 
Sweden and Norway, and all the lands bordering on the B<dtic, the 
north of Germany, and part of Siberia. Wheat follows Rye ; it is 
cultivated in the middle and south of France, England, part of Scot- 
land, part of Germany, Hungary, Crimea, and the Caucasus. We next 
come to a district where wheat still abounds, but no longer exclusively 
furnishes bread, rice and maize becoming frequent. To this zone 
belong Portugal, Spain, part of France, Italy and Greece, Persia, Nor- 
thern India, Arabia, Egypt, the Canary islands, &c. Wheat can be 
reared wherever the mean temperature of the whole year is not under 
37° or 30° F., and the mean summer heat, for a period of at least three 
or four months, is above 55°. It succeeds best on the limits of the 
subtropical region. In the Scandinavian Peninsula, the cultivation of 
Barley extends to 70° north latitude, Rye to 67°, and Oats to 65°. 
The cultivation of Rice prevails in Eastern and Southern Asia, and it 
is a common article of subsistence in various countries bordering on 
the Mediterranean. M.aize succeeds best in the hottest and dampest 
parts of tropical climates. It may be reared as iar as 40° north and 
south latitude on the American continent on the western side, while 
in Europe it can grow even to 50° or 52° of latitude. It is now cul- 
tivated in all regions in the tropical and temperate zones, which are 
colonized by Europeans. Millet of different kinds is met with in the 
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hottest parts of Africa, in the south of Europe, in Asia Minor, and in 
the East Indies. Ilenslow gives the following table to show the range 
of Wheat and Barley, and the mean temperature required for them : — 



Winter 

Summer 

Annual 

Lat. 

Mean. 

Mean. 

Mean. 

624 Feroe, 

39 J 

51° 

4 sn 

70 Lapland, 

9‘Jf 

46 


67J Russia, 

9 

46 


57^ Siberia, 

0 

60 

32 J 

58 Scotland, 

36 


46 “I 


64 Norway 

23 

59 

39 [ 



.*>3 

59 



6 O 4 - Russia, 

::::::: 

60 



RO Cairn, 

57 

88 

72 1 

Who 

22 Macao, 

64 

82 

73 


22 Rio Janeiro,..., 

68 

78 

74 y 


23 Havannali, 

71 

82 

77 j 


21 Bourbon, 

71 

80 

77 J . 



Winds, water, and animals, are also instrumental in disseminating 
plants. Many seeds with winged and feathery appendages are easily 
wafted about ; others are carried by rivers and streams, and some can 
be transported by the ocean currents to a great distance, with their 
germinating powers unimpaired. 

2.— General and Endemic Distribution of Plants. 

1143. While some plants arc generally diffused, it is found that the 
different quarters of the globe are each characterized by more or less 
distinct floras. Europe, Asia, Africa, North America, South America, 
and Australasia, may be regarded as separate provinces of tlie vege- 
table kingdom, possessing species, genera, and families of plants, which 
give to each division its distinctive features. Humboldt, and Boil- 
pland, in their travels in equinoctial America, did not see an exogen- 
ous plant which was found equally in the New and the Old World ; 
the only plants which they discovered common to both being some 
grasses and sedges. Among 4,160 species met with in New Holland 
by Brown, 166 only "were to be found in Europe. 

1144. Some plants live in society, occupying exclusively large tracts 
of ground, from which they banish all other vegetables. These are 
called by Humboldt Social plants. They give a peculiar feature to the 
countries and districts in which they grow. To this class belong many 
species of Seaweed in the ocean; Cladonias and Mosses in the waste 
levels of Northern Asia ; Grasses (Bamboos), and some Cactuses, Man- 
groves, and Avicennias in tropical countries; Ferns in the South Sea 
Islands ; Banksia speciosa in New Holland ; Cinchonas in certain parts 
of South America; Coniferous trees and Birches in the Baltic and 
Siberian plains. 
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1145. Some plants are very much restricted in their distribution 
over the globe ; a few are confined to single localities, while others 
have a limited longitudinal range. The species of the genus Erica, 
Heath, which extend from northern regions to the Cape of Good Hope, 
are scattered over a surface very narrow compared to its length ; in 
other words, while their latitudiiml range is great, their longitudinal 
range is very much restricted. Calceolarias occur chiefly on the wes- 
tern side of the Cordilleras of Chili. Lobelia Dortmanna is found princi- 
pally in the western countries of Europe. Camellias are also limited 
in longitudinal direction, so also Phalangium bicolor, and Eayrnondia 
pyrenaica. Arbutus Unedo, Erica mediterranea, and Menziesia poli- 
folia, whose chief seat is in the Pyrenees and the mountains of 
Asturias, migrate in a north-westerly direction, and appear in Ireland. 

«It is said that Azaleas, Phododendrons, Magnolias, Yacciniums, Acta»as, 
and Oaks, which form prevailing genera on the east of the Rocky 
Mountains, scarcely appear on the western side. Epaeridaceie are 
confined to New Holland ; Cinnamon, Cloves, and Nutmeg, are the 
produce of the Indian Archipelago ; Gentians and Saxifrages, forma 
characteristic feature of the European Alps ; Bej arias and Cinchonas 
of the Peruvian Cordilleras; Schizanthuses of Chili ; Folemoniacea 1 of 
California and Oregon ; yellow" and brown Papilionncea* of Australasia; 
Disa grandillora is a rare orchid peculiar to Table Mountain at the 
Cape of Good Hope ; and Pringlea anti scorbutica is a cruciferous plant 
peculiar to Kerguelcns-land. It is said that Origanum Tournefortii 
is found only on a small island in the Grecian Archipelago. The 
vegetation of islands removed from continents presents often peculiar 
features, the ocean acting as a barrier to the dissemination of plants. 
The island of St. Helena was originally inhabited by a most peculiar 
vegetation, although its productions now are completely changed by 
the destruction occasioned by cattle, and by the introduction of Euro- 
pean and other plants, especially fruit trees. Such may also be said 
of the plants found in the Sandwich Islands, the Society Islands, and 
the Canaries. The island of Madeira has 072 Phanerogamous plants, 
of which 85 are peculiar to it. 

3. — Conjectures as to the mode in which the earth was originally 

CLOTHED WITH PLANTS. 

1146. It is an interesting question to determine the inode in which 
the various species and tribes of plants w^ere originally scattered over 
the globe. Various hypotheses have been advanced on the subject. 
Linnscus entertained the opinion, that there w r as at first only one primi- 
tive centre of vegetation, from which plants were distributed over the 
globe. Some, avoiding all discussions and difficulties, suppose that 
plants were produced at first in the localities where they are now seen 
vegetating. Others think that each species of plant originated in, and 
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was diffused from, a single primitive centre, and that there were numer- 
ous such centres situated in different parts of the world, each centre 
being the seat of a particular number of species ; they thus admit great 
vegetable migrations similar to those of the human races. Those who 
adopt the latter view, recognise in the distribution of plants some of 
the last revolutions of our planet, and the action of numerous and 
varied forces which impede or favour the dissemination of vegetables 
in the present day. They endeavour to ascertain the primitive flora 
of countries, and to trace the vegetable migrations which have 
taken place. Daubeny says, that analogy favours the supposition 
that each species of plant was originally formed in some particular 
locality, whence it spread itself gradually over a certain area, rather 
than that the earl.li was a,t once, by the fiat of the Almighty, 
covered with vegetation in the manner we at present behold it. Th# 
human race arose from a single pair, and the distribution of plants 
and animals over a certain definite area, would seem to imply that 
the same was the general law. Analogy would lead us to believe, 
that the extension of species over the earth originally took place on 
the same plan on which it is conducted at present, when a new island 
starts up in the midst of the ocean, produced either by a coral reef or 
a volcano. In these cases, the whole surface is not at once overspread 
with plants, but a gradual progress of vegetation is traced from the 
accidental introduction of a single seed, perhaps of each species, wafted 
by winds, or floated by the currents. The remarkable limitation of 
certain species to single spots on the globe, seem to favour the suppo- 
sition of specific centres. Professor E. Forbes says, the hypothesis of 
the descent of all the individuals of a species, cither from a first pair or 
from a single individual, and the consequent theory of specific centres 
being assumed, the isolation of assemblages of individuals from their 
centres, and the existence of endemic or very local plants, remain to be 
accounted for. Natural transport, the agency of the sea, rivers, and 
winds, and carriage by animals, or through the agency of man, are 
insufficient means in the majority of cases. It is usual to say, that the 
presence of many plants is determined by soil or climate, as the case 
may be ; but if such plants be found in areas disconnected from their 
centres by considerable intervals, some other cause than the mere in- 
fluence of soil or climate must be sought to account for their presence. 
This cause he proposes to seek in an ancient connexion of the outposts 
or isolated areas with the original centres, and the subsequent isolation 
of the former through geological changes and events, especially those 
dependent on the elevation and depression of land. Selecting the flora 
of the British islands for a first illust t ation of this view, Professor 
Forbes calls attention to the fact, well \ nown to botanists, of certain 
species of flowering plants being found ndigenous in portions of that 
area, at a great distance from the near es assemblages of individuals of 
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the same species in countries beyond it. Thus, many plants peculiar 
in the British flora to the west of Ireland, have the nearest portion of 
their specific centres in the north-west of Spain ; others, confined with 
us to the south-west promontory of England, are, beyond our shores, 
found in the Channel Isles and the opposite coast of France ; the vege- 
tation of the south-east of England is that of the opposite part of the 
continent; and the Alpine vegetation of Wales and the Scotch High- 
lands is intimately related to that of the Norwegian Alps. The great 
mass of the British flora has its most intimate relations with that of 
Germany. He believes, therefore, that these isolated outposts were 
formerly connected together by chains of land, and that they have 
been separated by certain geological convulsions. Islands may be 
considered as the remains of mountain chains, part of the flora of which 
they still exhibit, and the further they are from continents, the more 
likely are the plants to be peculiar. 

1147. All the vegetable productions of the globe are distributed 
according to harmonious laws, which are by no means fully developed. 
The greater number of families are distributed over the whole globe ; 
individual representatives of the groups appearing in different regions. 
The regions of the globe, as regards their vegetable productions, are 
related either in the families, the genera, or the species of plants 
which they produce. By families, Hinds remarks, the most distant or 
general resemblances are established, constituting analogy. One family 
may occupy the place of another in certain regions. Thus, the Me- 
sembryacea? of South Africa are represented in America by Cactaceae ; 
and in the south of Europe, only by a few species of Sempervivum and 
Sedum. By genera , a closer approximation is established- — that of 
affinity. The Cistuses of Spain and Portugal are represented by the 
Helianthemum of the north of Europe ; and the genera of Abies and 
Pinus, in arctic and temperate regions, have their representatives in 
the genera Araucaria, Ephedra, and Dammara of the south. By 
species again, the most perfect accordance of characters or identity is 
established. 

1148. Meyen states, that the species of a genus, and genera, and 
natural orders, proceed from a point, and range themselves round it in 
concentric circles, or spread out from it like rays in till directions ; or 
are distributed in belts of greater or less breadth, which are parallel to 
the meridians, or to the parallels of latitude. A genus or family pre- 
dominates in certain regions, and attains its maximum there, while in 
others it is at its minimum. Hence, regions are distinguished by the 
names of plants which attain their maximum there. Palma?, Mu- 
saceae, Piperacese, and Scitaminea?, attain their maximum in the torrid 
zone, although representatives of them extend to high latitudes, or to 
the temperate zone. Thus, the palm called Chamserops humilis is 
found in 49° north latitude. The Ericaceae of the old world have their 
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maximum in the south of Africa. A single form, Calluna vulgaris, 
common Heather, is predominant in the north ; and a shrubby species, 
Erica arborea, represents the order in the south of Europe. Acacias 
attain their maximum in New Holland, while Acacia heterophylla 
represents the family in the Sandwich Islands. The Lauraccre of the 
tropics have Laurus nobilis as their representative in Europe. 

4. — Distribution of Plants considered Physiognomically and 
Statistically. 

1149. The distribution of plants over the globe may be considered 
either Physioynom trail//, as regards the prevalence of certain vegetable 
forms which give a general character to the landscape of a country *, 
or Statistically , as regards the numerical proportion which different 
groups bear to each other, or to the whole known plants. 

1150. Physiognomy of Vegetation. — In prosecuting this department 
of botanical geography, it is necessary to specify those vegetable forms 
which give a character to the landscape. This has been done more 
especially by Meyen, who gives the following series: — 

1. Gramineous or Grassy Form. This is illustrated in northern countries by meadows 
and pastures. The cereal grains also have a great influence on the aspect of countries. 
Under this form arc included Cyperacea?, Restiaccjo, and duneaeea?. In the torrid zone 
some arborescent forms occur, as Bamboo ; and along with these are associated Sugar- 
cane and Kiee. Barley is an extra-tropical form, while Curex extends to cold regions. 

2. Scitumineous Form. This includes the Ginger, Arrow-root, and Plantain family, 
some of which attain a large size. They contribute to give a character to the torrid 
zone. 

3. Pandanus or Screw-pine Form. A tropical form illustrated by Screw-pines and 
Dracamas. 

4. Pine-apple Form. Illustrated by the Bromeliacene of warm climes. 

5. The Agave or American Aloe Form. Chiefly tropical and subtropical. 

6. The Palm Form. Under this are included also the Cycadaceous family. They 
give a character to the hotter regions of the globe. Some of the Palms are social, as the 
Date and Coco-nut. Chamaerops linrnilis represents this form in Europe. 

7. Filical or Fern Form. True Ferns, in an especial manner, affect the landscape in 
tropical and warm regions. 

8. Mimosa Form. This includes Leguminous plants in general. The finely-cut foliage 
of some has a resemblance to Ferns. Modifications of this form occur both in warm and 
cold regions. Acacias in New Holland give a peculiar feature to the landscape. 

9. Coniferous Form. The Abietinem are characteristic of northern regions, and the 
Cupressinefc of southern. 

10. I’he Protea, Epaoris, and Erica Forms, These forms supply the place of Coniferse 
in the southern hemisphere. The Protca and Epacris forms occurring in Australasia, 
and the Erica form at the Cape of Good Hope. 

11. Myrtle Form. Some of these, such as Melaleuca and Eucalyptus, characterize 
New Holland scenery ; others, as Guavas, are tropical. 

12. Forms of Dicotyledonous trees. Some with broad and tender leaves, as Birch, 
Alder, Poplar, Oak, Lime, Elm, Beech, and Horse-chestnut, giving a character to the 
physiognomy of the colder half of temperate climates; while others, with thick, leathery, 
and showy leaves, as Olives and Laurels, are characteristic of warmer climates ; and a 
third division, with large, beautiful leaves, Cecropia, Artocarpus, and Astrapsea, abound in 
the hottest climates. 
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13. Cactus Form, This form is developed chiefly in America, especially in Brazil. 

14. Form of Succulent plants. Seen in the Mesembryace® of South Africa. 

15. Lily Form. This includes Liliacea?, Amaryllidaeeaj, and Iridaceee. Modifications 
of this form occur in warm and temperate climates. 

lt>. Forms of Lianas or Climbing-plants. These forms are chiefly tropical, and are 
illustrated by Passion-flowers, Paullinias, Aristolochias, and Bauhinias. 

17. Pothos Form. This is a tropical form, and is illustrated by various species of 
Aracese. 

18. Orchideous Form. This is seen in the splendid Epiphytes of warm dimates. 
Terrestrial species chiefly occur in cold zones. 

19. The Moss Form. 

20. The Lichen Form. Both these forms characterize cold regions chiefly. 

Besides the forms of plants, it is found that the prevalent colours 
sometimes give a character to the vegetation. White or pale-coloured 
flowers are said to be more abundant in northern latitudes than in the 
tropics, and in alpine situations tiny are of more frequent occurrence 
than in the plains. The xanthic series of colours, Hinds states, is 
abundant within the tropics in the autumn, oil the plains over the 
mountains. The flowers of the cyanic series, especially intense blues 
and violets, delight in the clear skies of subtropical regions. Hinds 
gives the following tabular view of the relative proportion of colours : 


Central America, 

Cyanic. 

12 

XanUiic*. 

30 

White. 
8 

Sandwich Islands, 

12 

31 

7 

Alasbka, 

20 

13 

11 

California, 

25 

19 

6 

New Guinea, 

12 

23 

15 

Hong-Kong, 

13 

27 

10 


Geycr says, that vivid colours mark the basaltic plains of Upper 
Oregon ; blue and purple, eastward ; scarlet with golden-yellow, west- 
ward ; glaucous green reigns in the herbage over the plains ; deep 
saturated green in the vallies. 

1151. statistics of Vegetation. — The number of known vegetable 
families differs in different latitudes. In examining the distribution 
of the great classes of the Vegetable Kingdom, it will be found that 
certain relative numerical proportions have been ascertained. It is 
not easy to estimate the proportion which Cryptogamous hear to Pha- 
nerogamous plants. From data already given, it may be estimated 
that the proportion for the whole world is as 1 to 7. This proportion 
varies in different regions; the Cryptogamous plants increasing in 
their proportion in the northern parts of the temperate zone. Ferns 
are to known Phanerogamous plants as 1 to 20. This proportion is 
least in the middle of the temperate zone, and becomes larger towards 
die equator, and towards the poles. Ferns, however, attain their ab- 
solute maximum at the equator, and their absolute minimum in the 
arctic zone. At North Cape, there are only four species of Ferns 
found, and y§i their proportion to Phanerogamia is 1 to 7 there ; and 
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in Greenland, 1 to 10 (Meyen). Humboldt says, that in the torrid 
zone, Monocotyledons are to Dicotyledons as 1 to 6 ; in the temperate 
zone, as 1 to 4 ; and in the arctic zone, as 1 to 3. Monocotyledons 
increase in proportion to Dicotyledons as the Latitude becomes higher. 
Some natural orders are very generally diffused, as Leguminosae, Mal- 
vaceae, Ranunculace.se, Caryophyllaceae, Crucifera?, and Umbelliferse. 
Cellular plants have also a wide range, and so have aquatics. Jun- 
caceae, Cypcracese, and Graminea?, increase in proportion to r ll the 
Phanerogamous plants, as the latitude becomes higher ; while Resti- 
aceai, Leguminosae, Euphorbiacea?, and Malvaceae, decrease. Cruciferse, 
Umbelliferae, and Composite, are highest in their proportion in the 
temperate zone, diminishing towards the equator and the poles. Hinds 
gives the following statement as to certain families which are almost 
exclusively confined to one of the six great divisions of the globe : — 

In Europe, — Globulariaco® a section of Selaginace®, Ceratophyllace®. 

In Asia, — Dipterocarpace®, Aquilariace®, Camelliace®, Moringace®, Stilaginace®. 

In Africa, — Brnniace®, Brexiace®, Belvisiace®, Penmace®. 

In North America, — Sarraceniace®. 

In South America, — Rhizobolace®, Monimiace®, Simarubacc®, Vochysiace®, Caly- 
cerace®, Escalloniacc®, Humiriace®, Lacistemace®, Papayace®, Giliiesiace®, Gesncrace®. 

In Australasia, — Tremandracc®, Epacridacc®, Goodcniace®, Stackhousiace®, Bru- 
noniacc®. 

He also gives the following list of natural orders, as prevailing in the 
northern hemisphere and southern hemisphere : — 

In the northern hemisphere, the following natural orders abound, or arc predominant : 
— Acerace®, Aurantiace®, Arfcocarpe® a section of Urticace®, Amentaee®, Berberace®, 
Boraginace®, Caryophyliacc®, Cistace®, Crucifer®, Conifer®, Campanulace®, Capri- 
foliace®, Dipsacace®, El®agnace®, Fumariace®, Grossulariace®, Hypericace®, Hippo- 
castane® a section of Sapindace®, Hamamelidace®, Magnoliace®, Onagrace®, Oroban- 
chaee®, Papaverace®, Rosace®, Ranunculace®, Rutace®, Resedace®, Saxifragace®, 
Umhellifer®, Vacciniace®, Alismace®. 

In the southern hemisphere, the following natural orders arc predominant : — Athero- 
spennace®, Cuctaca®, Crassulace®, Capparidace®, Diosme® a section of Rutace®, Dil- 
leniace®, Geraniace®, Heliotrope® a section of Ehretiace®, Myrtace®, Melastomacese, 
Mesembiyace®, Myoporine® a section of Yerbenace®, Malpighiace®, Oxalidace®, Pitto- 
aporace®, Polygalace®, Proteace®, Sc®vole® a section of Goodcniace®, Spigcle® a section 
of Loganiace®, Stylidiace®, Amaryllidace®, H®modorace®, Iridace®, Restiace®. 

It is sometimes difficult to tell in what division of the globe a family 
may be said to be chiefly represented, inasmuch as the species and 
genera are nearly equal in different countries. When a group of 
plants occurs only in one of the six great divisions of the globe, it is said 
to be monomic (pom, one, and vofiht, a region). Thus, Vochysiaceae, 
being confined to South America, is a monomic family ; and Cliffortia, 
whose shrubby species are all indigenous to South Africa, is a monomic 
genus. Again, a natural family, common to all the divisions, is poly- 
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nomic ; and so also genera, as Viola or Ranunculus. If restricted to 
two or more divisions, the groups are dinomic , trinomic , &c. Acer- 
acete, found in Europe, Asia, and North America, are trinomic. 

5. — PHYTO-GKOGBAPHICAL DIVISION OF TUE GLOBE. 

1152. The subject will be considered in two points of view: — 1. In 
respect to the horizontal or latitudimil range of vegetation ; and 2. 
In respect to its vertical or altitudinal range. 

1153. Horizontal Range of Vegetation. — Various attempts have been 
made to divide the globe into zones or kingdoms, founded on the cha- 
racters impressed upon them b}^ the nature of the vegetation. Willde- 
now, Treviranus, I)e Candolle, Schouw, and Meyen, have each pro- 
posed arrangements. Those of Schouw and Meyen chiefly deserve 
attention. 

1154. Schouw, in his divisions, proceeds on the principle of the 
predominance of certain characteristic forms or families of plants. His 
system is founded on the three following requisites: — 1. That at least 
one-half of the known species of plants of that part of the earth, consti- 
tuting a botanical region, should be peculiar to it. 2. That one-fourth 
part of the genera of the region should be peculiar to it, or at least, should 
have so decided a maximum as to be only represented in other regions. 
3. That individual families should either be peculiar to the region, or 
at least reach their maximum in it. The regions are divided into pro- 
vinces according to minor differences in the vegetation ; one-fourth 
of peculiar species, or some peculiar genera, being sufficient to form a 
province. 

1155. — Schouw 1 s Pliy to- Geographic Regions . 

1. The Region of Saxifragacece and Musci , or the Alpine Arctic 
Flora. — This region is characterized by the abundance of Mosses and 
Lichens, the presence of Sa.vifragacecc , Gentian acew , Caryophyllacea * , 
Cryperaceoe, Salices ; the total absence of tropical families ; a notable 
decrease of the forms peculiar to the temperate zone ; by forests of Fir 
and Birch ; the small number of annual plants, and the prevalence of 
perennial species; and finally, a greater liveliness in their simple 
colours. In tliis region there is no cultivation. The region is divided into 
two provinces: — 1. The province of the Car ices, or the Arctic Flora, 
which comprehends all the countries within the polar circle, with some 
parts of America, Europe and Asia, which arc to the south of it, more 
especially Lapland, the north of Russia, Siberia, Kamschatka, New 
Britain, Canada, Labrador, Greenland, and the mountains of Scotland 
and Scandinavia, mean temperature 66° to 41°. 2. The province of 

Primulaceat and Phyteumce , or the Alpine Flora of the south of Europe, 
which embraces the flora of the Pyrenees, Switzerland, the Tyrol, Sa- 
voy, the mountains of Greece, the Appenines, and probably the moun- 
tains of Spain. Mean temperature, 47° to 36°. 
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2. The Region of Umbelliferce and Crucifer cr . — These tribes are here 
in much greater number than in any other region ; Rosamv, Hamm- 
culcicea * , Fungi , Amentacea? , and Conifer w, likewise very numerous ; the 
abundance of Cariecs , and the fall of the leaves of almost all the trees 
during winter, form also important features of this division. It may be 
separated into two distinct provinces: — 1. The province of the Cichor- 
acecn, which embraces ail the north of Europe, not comprehended in 
the preceding region, namely, Britain, the north of France, the Nether- 
lands, Germany, Denmark, Poland, Hungary, and the greater part of 
European Russia. 2. The province of the Astragali ’, Halophyta , and 
Cynaroccpltahv , which includes a part of Asiatic Russia, and the coun- 
tries about the Caucasian and Altai mountains. Mean temperature, 
36° to 57°. The cultivated plants are — Rye, Barley of different kinds, 
Oats, Wheat and Spelt, Maize, Millet, the Potato, Buck-wheat, Apple 
and Pear, Quince, Cherry, Plum, Apricot, Peach, Mulberry, Walnut, 
Vine, Gooseberry and Currant, Strawberry, Cucumber and Melon, 
Cabbage, Mustard, Pea, Bean, Beet, Spinach, Carrot, Flax, Hemp, 
Trefoils and Vetches, Rye-grass, <fcc. 

3. The Region of Labiata> and Caryoph y lla.ee lv, or the Mediterranean 
Flora. — It is distinguished by the abundance of the plants belonging 
to these two orders. Composite v, Galiacca *, Dor agin an ecu also occur in 
considerable quantity. Some tropical families arc also met with, such 
as Palms, Laurels, Araeew, A nacardiaeew, grasses belonging to the 
genus Panic am (millet), and some Cyperacciv. Sol<macea>, Malvaceae 
Leguminwa * , Urtieaetuv , and Euphorbiacea: increase. The forests are 
composed chiefly of Amentac.av. and Conifera as birches, oaks, firs, 
&c., the copses, of .Erie area 1 (the heath tribe,) and Anacardiamr, as 
the mastich. We meet in this region with a great number of ever- 
green trees. Vegetation never ceases entirely, but verdant meadows 
are more rare. Scliouw divides tin's region into five provinces: — 1. 
The province of the Cistuses, including Spain and Portugal. 2. The 
province of the Salvitv and Scabiosip , the south of France, Italy, and 
Sicily. 3. The province of the Shrubby Labiatw , the Levant, Greece, 
Asia Minor, and the southern part of the Caucasian countries. 4. The 
Atlantic province, the north of Africa, of which he does not yet know 
any distinctive character. 5. The province of Semper viva, the Canary 
Isles, and probably also the Azores, Madeira, and the north-west coast 
of Africa; many Sempervivums , and some Euphorbias with naked and 
spiny stems particularly characterize this province. Erica arbor ea, 
and Pin, us canadensis are found here. Mean temperature, 54° to 72°. 
Cultivated plants are the same as in the second region, with the addi- 
tion of Rice, Guinea Com, Italian Millet, Fig, Almond, Orange and 
Lemon, Water Melon, Olive, Cotton. Rye and Buckwheat are only 
cultivated in the mountainous regions. 

4. The Region of Asters and Solidagos. — This is marked by the great 
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number of species belonging to these two genera, by the great ; variety 
of Oaks and Firs, the small number of Crucifer (V- and Umhelliferce , Ci- 
choracece , and Cgnarocephalcc , , the total absence of the genus Erica , or 
heath, and the presence of more numerous species of Vaccinium, or 
whortleberry, than are to be met with in Europe. It comprehends 
the whole of the eastern part of North America, with the exception of 
what belongs to the first region. It has been divided into two pro- 
vinces: — 1. That of the south, which embraces the FJoridas, Alabama, 
Mississippi, Louisiana, Georgia, and the Carolinas. 2. That of the 
north, which includes the other states of North America, such as Vir- 
ginia, Pennsylvania, New York, &c. Mean temperature, 54° to 72°. 
In the northern districts, down to the parallels of 55° or 50°, there is 
no cultivation. South of* this line, the cultivation is the same as in the 
second region. Make is cultivated to a greater extent hi North Ame- 
rica than in Europe. 

5. The Region of Magnolias , comprising the most southern parts of 
North America, between 3f>° and 30". The tropical forms which show 
themselves more frequently than on a similar parallel of the old con- 
tinent, arc* the chief feature in the vegetation. Thus we meet with 
Anonacca Sapindacecr , Melastomacm *, Cactacccc , and Z ingiber acete. This 
region has fewer Labiatcv and Caryophyllamv than occur in correspond- 
ing latitudes in the Old World. It presents more tree's with fine blos- 
soms, and shining, sometimes pinnated, leaves, as Mangolia, Tulip-tree, 
Ilorse-chesnut, Robinias or False Acacias. Mean temperature, 5 ( J n 
to 72°. The same plants cultivated as in the third region. Rice 
is much cultivated. In the southern district, the Sugar-cane is 
productive ; and, in the eastern districts, Cotton is grown to a great 
extent. 

0. The Region of Cainelfiace<r> and Cdastramr , or the Japanese re- 
gion. — This region is as yet too little known to enable us to determine' 
accurately its characteristic features. It. embraces the eastern toler- 
ate part of the old continent, namely Japan, tlie nortli of Cliii^a, and 
Chinese Tartary, between lat. 30° and 40 u north. Its vegetation ap- 
pears to occupy a middle place between that of Europe, a&d that of 
North America, approaching more to the tropical than to the European. 
It has an affinity to the Indian Flora, as shown by the ^occurrence of 
Bananas, Palms, Zingiber aceat , Ano-nacexv , Sapindacew, amd Cycadacem. 
We meet with Eriobotrya jtqmiica or Loquat, Tea, and various species 
of Citrus. Mean temperature, 54° to 08°. The cultivated plants are 
— Rice, Wheat, Barley, Oats, Millet, Buckwheat,^ Apple and Pear, 
Quince, Plum, Cherry, Apricot, Peach, Loquat, OiTmge and Shaddock, 
Melon, Tea, Hemp, Paper-Mulberry, Cotton, and False Sago. 

7. The Region of Zingiberacen \ or the Indian Flora.. — Zingiberace a; 
here are much more numerous than in America, as w r ell as Leguminosa ?, 
Cucurbitaceai , and Tiliacece , although in a less degree. In consequence 
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of the imperfect state of our knowledge, we cannot subdivide this re- 
gion into provinces. It comprehends India, east and west of the Ganges, 
the island of Ceylon and the south-eastern Peninsula, to the height of 
4,500 to 5,500 feet above the level of the sea. Mean temperature, 65° 
75' to 81° 50'. The cultivated plants are — Rice, Coco-nut, Tamarind, 
Mango, Ginger, Cinnamon, Mangosteen, Peppers, Indigo, Cotton, Coffee, 
Bananas, Guava, Orange and Shaddock, Sugar-cane, Cloves, Turmeric. 

8. The Emodic Region, or the Mountains of India. — This comprises 
the Alpine region south of the ridge of the Himalaya. It includes Sir- 
more, Gurwal, Kama, on, Nepal, and Bliotan, to a height of from 4,500 
to 10,700 feet above the level of the sea. Some tropical plants grow in 
the lower parts of the region. Deodar, Finns excdsa, Wcbhiana , and 
other Coniform , are met with. Mean temperature, GG° to 37°. Some 
European grains and fruit are cultivated, along with Mountain Rice. 

9. The Region of the Asiatic islands. — This includes the mountain- 
ous districts of the islands between the south-eastern Peninsula and 
Australia, to the height of 5,500 feet above the level of the sea. Mean 
temperat-ure GO" to 84°. The cultivated plants are of those of the 
Indian region (7); also, Breadfruit, Cassava, Nutmeg, Camphor, Papaw, 
and Dammar. 

10. The Region of Upper Java. — This embraces those districts of 
the island of Java and the islands of the Indian Archipelago, which 
have an elevation of 5,500 feet above the level of the sea. The vege- 
tation of this region has not been sufficiently ascertained. 

1 1. The Polynesian Region. — This includes all the islands of the 
Pacific Ocean within the Tropics. Mean temperature, 72° to 82°. 
The cultivated plants are — Bread-fruit tree, Coco-nut, Double Coco- 
nut, Yams, Plantain, Cabbage-Palm, Paper-Mulberry. 

12. The Region of Amyridcwm^ or of Balsam trees. — This compre- 
hends the Persian or Arabian Flora, especially the south-western part 
of the highlands of Arabia or Yemen. In this region are many trees 
yield : ng gums and balsamic resins, as species of Mimosa , Acacia , Bal- 
samodeadron , IJoswellia. Cultivated plants are — Maize, Millet, Date- 
palm, Coco-nut, Fig, Apricot and Peach, Plum, Apple, Quince, Vine, 
Coffee-tree, Tamarind, Papaw, Sugar-cane, Ginger, Cotton, and Indigo. 

13. The Desert Region. — This includes Northern Africa, to the 
south of the mountains of Atlas, between lat. 30° and 15° N., and the 
northern part of Arabia. Phoenix dnctylifera , or the Date-palm, and 
Cucifera thebaica , or Doom-palm, are found here, but little is known 
in regard to the vegetation of the region. Mean temperature, 72° to 
86°. Cultivation is confined to the valley of the Nile and the Oases. 
We meet with Guinea Com, Wheat and Barley, and the South Euro- 
pean and Indian grains. 

14. The Region of Tropical Africa. — This includes that part of Africa 
lying between the parallel of 15°, and the tropic of Capricorn, or be- 
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tween tlie northern and southern limits of periodical rains, with the 
exception of Abyssinia and the unknown countries of the interior. The 
Flora of the western part of this region is characterized in part by the 
presence of A damonia, or the Boabab, the largest known tree. We 
also meet with the Elms guineemis , a palm which furnishes oil. Other 
characteristic plants are Sarcocephalus esculentus and Schmedelia africana. 
The vegetation of Guinea and Congo is a mixture of the Floras of Asia 
and America, though most resembling the former. The eastern part 
of the region, including Madagascar, has a peculiar Flora, distinguished 
chiefly by tlie genera J Jorum , Arabova, Thmbeya, Dufourea, Didymo- 
vncles , and Senacea, Mean temperature, 72° to 86°. Cultivated plants : 
Maize, Rice, Guinea Com and Millet, Yams, Cassava, Banana, Mango, 
Papaw, Pine-Apple, Cashew, Tamarind, Coffee, Sugar, Cotton, Ginger, 
Cardam oins, Earth-nut. 

15. Tlie Region of Cactace/p, and Piperacecp . — This embraces Mexico, 
New Grenada, Guiana, and Peru. These natural orders are here pre- 
dominant, both as regards the number of species and the individual 
plants. Muriel li or lta Palm, Phytdcphas or Ivory Palm, and Victoria 
regia , are peculiar to Guiana. Mean temperature, 68° to 84°. Cul- 
tivated plants : Maize, Guinea Corn, Cassava, Yams, Batatas, Arraca- 
cha, Arrow-root, Plantain, Mango, Custard Apples, Guava, Coco-nut, 
Papaw, Avocado Pear, Pine- Apple, Cashew, Tamarind, Grenadilla, 
Vine, Indian Fig, J ambus, Chocolate, Vanille, Coffee, Sugar, Capsicum, 
Cochineal-Cactus, Cotton, Earth-nut. 

10. The Region of the Highlands of Mexico. — This embraces the 
districts which have an elevation of more than 5,500 feet above the 
level of the sea. Many European plants are cultivated here, as w r ell 
as Maize. Pinvs retiyivsa and other Conifercc are found. Mean tem- 
perature, 78° to 64°. 

17. The Region of Cinchona >, or Medicinal Barks. — This comprises 
a part of the elevated regions or Cordilleras of South America, included 
in the torrid zone, tlie Andes from 5,500 to 9,000 feet. The Cinchona 
belongs exclusively to this region, and forms its principal feature. In 
the higher regions the Potato and Quinoa are cultivated, as well as 
some European grains and fruits. In the lower districts, Maize and 
Coffee are still cultivated. Mean temperature, 68° to 59°. 

18. The Region of Escalionkv. and Calceolaria ?. — It embraces the 
highest parts of South America, or that portion of the chain of the 
Andes, which has more than 9,600 feet of elevation. Besides the plants 
mentioned, we meet with alpine plants, as Saxifrages and Gentians, and 
species of Draba , Armaria, Carex , Lobelia , and Salvia, besides some 
European genera belonging to the orders Graminece and Cichoracece, 
such as Bromrn, Festuca, Poa, Apargia, and Hypochoeris. Mean tem- 
perature, 59° to 34 Q . 

19. The West Indian Region. — This includes the whole district of 
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the Great and Little Antilles. Bananas, Plantains, Mangos, Guava, 
Avocado Pear, Tamarind, and many other useful plants are met with. 
The Flora is intermediate between that of Mexico and the northern 
parts of South America. Mean temperature, 59° to 78°. Cultivated 
plants the same as those in the fifteenth region. 

20. Region of Palmm and Mdmtomacem . — It embraces Brazil and 
that part of South America which lies to the east of the chain of the 
Andes, between the Equator and the Tropic of Capricorn. Vellozia 
and Lichnophora give a decided feature to the peculiar vegetation 
of some of the mountainous parts. Here, also, numerous hirge peculiar 
species of Friocaidon occur. Species of Croton , Dorstenia , and lleliconia 
are also met with, along with arborescent Solamms. In place of the few 
mosses and lichens which cover the trunks or branches of forest trees 
in temperate climes, in Brazil they are bearded from the roots to the 
very extremities of the smallest branches with Ferns, Aracea*, Tillaiul- 
sias, Cactuses, Orchids, Piperomias, and Gesneras. Mean temperature, 
59° to 82°. Same plants cultivated as in the fifteenth region. 

2 1 . The Region of Arborescent ComposiUv,. — The great number of 
arborescent Composite, and of plants belonging to the order Caly- 
cemcecv , forms the chief feature of this Flora, which approaches in a 
remarkable manner to that of Europe, whilst it differs entirely from the 
floras of Chili, the Cape, and New Holland. This region comprehends 
the lower part of the basin of La Plata, and the plains which extend 
to the west of Buenos Ayres and Chili, between the tropic of Capricorn 
and latitude 40° south. (The Flora of Chili approaches that of New 
Holland, the Cape of Good Hope, and New Zealand, in Gooden ia , 
Araucaria, Protmcem , Gnvnera , A nostrum.) Mean temperature, 59° 
to 75°. European plants form here objects of culture. Wheat, the 
Vine, and the Peach, are, widely extended. 

22. The Antarctic Region. — This includes the countries near the 
Straits of Magellan, Terra del Fuego, and the Falkland Islands. There 
is a considerable resemblance between the vegetation here and what is 
seen in the north temperate zone. Polar forms display themselves in 
the species of Saxifrage, Gentian, Arbutus, and Primrose. There is 
also a resemblance between the plants of this region, and those of the 
mountains of South America, of 1 Chili, the Cape, and New Holland. 
Fag us antarctica , and Winter’s Bark occur here. Many of the com- 
mon British weeds are found at the southern extremity of South Ame- 
rica. In the Falkland Islands is found J)actylis cwspitom, the Tussac 
grass, which furnishes most valuable fodder. Mean temperature, 
41° to 46°. No cultivation. 

23. The Region of Mesemh'yanthema , and Stapclice . — These two 
genera, as well as the Fricece, Heaths, are very abundant. The 
latter family is found in greater quantity here than any where else. 
The region embraces the southern extremity of Africa. Iridacw, 
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Pelargoniums , A loinm, Bnmiacem , and Selaginacea ?, and various C?wa- 
phaliums and Elichrysums , occur in this region. Mean temperature, 
55° to 78°. Cultivated plants: European kinds of grain, fruit, and 
vegetables; also, Batatas, Plantain, Tamarind, Guava, and Shaddock. 

24. The Region of Epacridacexv and Eucalypti . — It comprehends 
the temperate parts of New Holland and Australia beyond the tropics, 
with the island of Tasmania or Van Diernan’s Land. Besides the 
plants whence it receives its name, it is characterized by the orders 
Stackhousiacem and Trenuindracece . , and by the presence of a great 
number of Proteacen , Myrtacea ? , Stylidiacece, Restiacea\ Dumtem, Ca#u- 
arine.a\ and Acacias. A mucaria, or Eutassa exacted, the Norfolk Island 
Pine, forms one of* the features of the region. It is one of the most 
peculiar Floras. Mean temperature, 52° to 72°. In the British Col- 
onies, the European kinds of grain and fruit are cultivated. 

25. The Region of New Zealand. — This Flora, besides the plants 
peculiar to New Zealand, as Phormium teww, New Zealand Flax, com- 
prehends several others which belong to the extremities of America, 
Africa, and Australia. We find in these islands Corypha australis , 
the Australian or Southern Palm, Tree Ferns, and Dracamas , forests 
of Dammara australis one of the Conifera * , and many Myiixicecc. 
Mean temperature between latitude 84° and 86° south, from 61° to 
(53°. Many of the European plants are cultivated.* 

1156. Meyen divides the horizontal range of vegetation into zones, 
taking for his basis the three ordinary divisions of the torrid, the 
temperate, and the frigid zone, and subdividing each hemisphere 
into eight smaller zones. 

1157. — Meyen' s Phyto- Geographical Zones. 

A. — TORRID ZONK. 

1. Equatorial Zone. This extends 1 5° on both sides of the equator, 
and has a mean annual temperature of 78-£° to 82^° F. The forms 
characteristic of this zone are chiefly Palma 1 , Musacea;, arborescent 
Graminea?, Pandanus, Scitaminea*, Orchids, and Lianas; besides plants 
belonging to the orders Malvaceae, Anonacese, Anacardiacea?, Arto- 
carpese a section of Urticacea?, Lecythidaceas, Malpighiacea', Sapin- 
dacea*., Ctesalpiniese a section of Leguminostc, Cedrelacea}, and many 
others. 

2. The Tropical Zone. This reaches from the 15th degree on each 
side of the equator to the tropics, in 28° latitude. Mean temperature 
73-^° to 78|°. Summer temperature, 80-|° to 86° ; winter tempera- 
ture in the eastern coast countries, 59°. • Besides many equatorial 
forms, as Palms, Musacea*, Seitamineae, Mcliacea;, Anonaceae, Sapin- 
daceae, Orehidacea?, Araceee, and Lianas, there are in this zone Tree- 


* See a Coloured Delineation of these Regions in Johnston’s Maps. 
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ferns, and plants belonging to Convolvulace®, Melastomaceae, and Pi- 
peraceso. 

B. — TEMPERATE ZONE. 

3. Subtropical Zone. This extends from the tropics, 23°, to 34° of 
latitude. Mean temperature, G2|-° to 71«jr°; summer temperature, 
73^° to 82^°. There are a number of tropical fruits in this region. 
The winters arc mild, and vegetation is green throughout the year. 
In the northern division of the zone, Palms and Bananas grow on the 
plains. The Date-palm, Doom-palm, Chamarops Palmetto, many suc- 
culent Mesembryace© and Crass u lace®, arborescent Euphorbias, Ca- 
mellia, Tliea, Aucuba, and Magnolias, are met with. In the southern 
division are Proteacea), Myrtacea?, Epacridaeece, Ericaceae, many Corn- 
posit®, Diosme®, Zamias, and Cactacea*. 

4. Die warmer Temperate Zone. Jt embraces the space between 

34° and 4 5° of latitude, including the southern part of Europe, 
Asia Minor, north of China, and Japan. Mean temperature, 53J- 0 to 
62-1°. Summer temperature in North America, 77°; in Europe, 75|° 
to 68° ; in Eastern Asia, 82 : Winter temperature in the New World, 

44^° to 32-|°; in Europe, 50° to 34|°; in Eastern Asia, 2G| J> . Many 
subtropical forms occur. Evergreen dicotyledonous trees and shrubs, 
Cistuses, many species of Ericac< a?, Lauraceai, and Myrtacea*, and the 
Vine, arc met with. In some parts of the zone, Solidagos and Asters, 
Magnolias and Smilace®, abound ; while in others there are represen- 
tatives of the Mimosa form, Myrtacea), and Proteace©. 

5. Die colder Temperate Zone. This includes a belt from 45° to 
58° latitude. Mean temperature, 43° to 53^°. Minimum summer 
temperature on the West Coast, 5G£° ; in the interior of the Continent, 
08° ; Minimum winter temperature in the interior of Europe, 14°. 
England, the north of France, and Germany, supply the characteristics 
of the vegetation of tills zone. It embraces the region of UmbeUifer®, 
and Crucifer® of Seliouw. Meyen selects plants having a more marked 
physiognomic effect, such as ordinary Dicotyledonous trees, along with 
Abieline©, and heaths covered with Calluna vulgaris. 

6. The Subarctic Zone. This reaches from f>8° latitude to the 
arctic circle, 6G°. Mean temperature, 39^° to 43°. Summer tem- 
perature in the New World, 6(5^°; in the Old World, G0f° to G8°: 
Winter temperature of the former (Western Europe), 14°; of the latter, 
24$° ; of the interior of Russia, 14° to 10^°. It is characterized by 
Firs and Willows in the northern hemisphere. 

C.— FRIGID ZONE. 

7. The Arctic Zone. This extends from the arctic circle, 66°, to 
72°. Mean temperature, 28-| 0 to 32°, and towards the eastern and 
continental portions, far below the freezing point. The Birch, and 
some Conifer®, may be said to characterize this zone. 
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8. The Polar Zone. This includes all lands from 72° to 82° lati- 
tude. The mean temperature of one point in this zone, viz., Melville 
Island, is 1^°. In the Old World, the mean temperature is 16^°. 
Summer temperature of the New World, 37^°, and of the Old, 38|°; 
Winter temperature, — 28° in the New, and — 2|° in the Old World. 
No trees nor bushes grow in this zone. Some Saxifrages, and numer- 
ous Cryptogamic plants, as Lichens, prevail in it. 

1158. Vertical Range of Vegetation. — Under this head we consider 
the changes produced in the physiognomy of vegetation on ascending 
mountains. It has reference to the distribution of plants in an altitu- 
dinal or hypsometrical point of view. This geographical range is best 
seen in the high mountains of tropical countries, where all gradations 
are met with, from the heat of the torrid zone to the cold of the frigid 
zone. Humboldt, in describing South American scenery, remarks : — 
u In the burning plains, scarce raised above the level of the Southern 
ocean, we find Bananas, Cycadacc®, and Palms in the greatest luxuri- 
ance ; after them, shaded by the lofty sides of the vallies in the Andes, 
Tree Ferns; next in succession, bedewed by cool misty clouds, Cin- 
chonas appear. When lofty trees cease, we come to Aralias, Tliibau- 
dias, and myrtle-leaved Andromedas ; these are succeeded by Bcjarias 
abounding in resin, and forming a purple belt, around the mountains. 
In the stormy regions of the Paramos, the more lofty plants and showy 
flowering herbs disappear, and are succeeded by large meadows covered 
with grasses, on which the Llama feeds. We now reach the bare 
trachytic rocks, on which the lowest tribes of' plants flourish. Par- 
melias, Lecidias, and Loprarias, with their rnany-colo tired sporules, 
form the flora of this inhospitable zone. Patches of recently fallen 
snow now begin to cover the last efforts of vegetable life, and then the 
line of eternal snow begins. 7 ’ 

1159. On tht mountains of temperate regions the variety is rather 
less, but the change is not less striking. “ Wc begin to ascend the 
Alps, for instance, in the midst of warm vineyards, and pass through 
a succession of oaks, sweet cbesnuts, and beeches, till we gain the ele- 
vation of the more hardy pines and stunted birches, and tread on 
pastures fringed by borders of perpetual snow. At the elevation of 
1,950 feet, the vine disappears; and at a 1000 feet higher, the sweet 
chesnuts cease to grow; 1000 feet farther, and the oak is unable to 
maintain itself; the birch ceases to grow at an elevation of 4,080, and 
the spruce fir at the height of 5,900 feet, beyond which no tree appears. 
The Rhododendron ferrugineum (the Rose of the Alps) then covers im- 
mense tracts to the height of 7,480 feet, and Salix herbacea creeps 
200 or 300 feet higher, accompanied by a few Saxifrages, Gentians, 
and Grasses, while Lichens and Mosses struggle up to the imperishable 
barrier of perpetual snow.” In central and southern Europe, the pro- 
portion of Monocotyledons to Dicotyledons, which is as 1 to 4 in the 
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plains, decreases with the elevation on dry mountain slopes, till at the 
height of 8,526 feet, it is as 1 to 7. Moist mountain slopes favour 
Monocotyledons, the proportion on them being as 1 to 3. 

1160. The following 

grow in different quarters of the globe : — 


table si lows the height at which corn and trees 


Torrid Zone. 


Temperate Zone. 


Frigid 

Zone. 


pcstual snow, 

Upper limit of trees, 
Distance between 
trees and snow,.... 
Distance hit ween 
snow and corn, 


Andes, 

Mountains 

of Mexico, Caucasus, 

Pyrenees, 

Alps, 

Lapland, 

0 U Lat. 

*20 u Lat. 42 & 30' 

43° 

40° 

(57 c ' — 70 w 

j 15,200 feet. . 

... 13,478 ... 9,900 .. 

. 8,400 ... 

8,220 

... 3,300 

10,800 — . 

.. 12,000 ... 6,700 .. 

. 7,020 ... 

6,000 

... 1,500 

} 4,400 — . 

.. 1,478 ... 3,200 ... 

. 1,380 ... 

2,220 

... 1,800 

| 5,200 — . 

... 3,780 .. 


4,200 

... 2,700 


In the Himalaya,, the. upper limit of trees on the south side is marked 
by Quercus semccarpifolia, at 11,500 feet, and on the north side by 
Betula alba, at 14,000 feet. The Birch also forms the limit on the 
Caucasian mountains. On the Pyrenees and Alps, the limit of trees 
is marked by Conifers; on the Pyrenees, by Pinus uncinata; on the 
south side of the Alps, by Larix europa^a, the Larch ; and on the north 
side, by Abies excel sa. In Lapland, the Birch forms the upper limit 
of trees. The upper limit of shrubs is determined by the Rhododen- 
drons in the Old World, on the Pyrenees at 8,312 feet, and on the 
Alps at 7,480 ; and by Bejarias on the Andes, at the height of 13,420 
feet. On the south side of the Himalaya, Juniperus, Salix, and Ribes, 
form the upper limit of shrubs, at 11,500 feet; on the north, Genista 
versicolor ascends to 1 7,000 feet. 

1161. The following have been given by some authors as the zones 
of Alpine vegetation : — 


1. Region of Lowland cultivation. Its extent of elevation is at tlie spot where tho pre- 

vailing cultivated plants of the latitude cease to be productive. In Mount Etna, 
it rises to 3,300 feet ; on Teneriffe, to nearly 3,000 (zone of vines). It embraces 
two zones of the Cactus and Euphorbia in the Canaries. In Madeira, it embraces 
two regions of Spix and Marti us ; the region of tropical plants reaching to 700 feet, 
and the region of the vine, fruit, and corn, to 2,300. In Norway, Sweden, and 
Finmark, it is narrow. In the Carpathians, it rises to 1 ,500 feet. Within the tro- 
pics, it is a broad and important region. On the Andes, at Quito, it only ceases at 
5,000 or 6,000 feet. 

2. Region of Woods. A magnificent region in all Alpine districts, and well characterized 

on the Andes and Himalaya. Humboldt notices it in Teneriffe. In .Etna, it 
extends to 6,200 feet. In the Canaries, to 4,080. In Madeira ( region of Chesnut), 
to 2,950. In Lapland, it extends to 800 feet. In Finmark, 70° north latitude, 
to 730. 

3. Region of Shrubs. Region of Retaraa (Spartium nubigenum) in Teneriffe. On the 

Pyrenees and Mont Blanc, it is extensively covered to about 9,000 feot with Rhodo- 
dendrons. In the Andes, about Quito, it reaches 13,000, and is conspicuous for its 
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shrubby Composite. In Madeira, it embraces KuliTs regions of Spartium and 
Heath. On the mountains of Lapland, it attains 3,300 feet, and is characterized by 
Bettila nana, Vaccimum, and Salix. In Finmark, its limits are 3,100. 

4. Region of Grasses. These predominate in certain Alpine situations, and in certain 

parallels of latitude. In South Shetland, none of the islands exhibit any Phanero- 
gamous vegetation, with the exception of straggling grass. In Melville Island, 75° 
north latitude, the proportion of Grasses to Phanerogamous plants is 1 to 5 ; in 
Great Britain, 1 to 124. In the Andes, the region is traced to Paramos, and occu- 
pies a space of 13,000 to 14.500 feet; here are large cattle farms. In the Hima- 
laya, a fine green sward is often seen at 14,600 feet. In Teneriffe, it is distin- 
guished by Humboldt. On the Swiss Alps, Poa annua exists at an elevation of 
7,400 feet. 

5. Region of Cryptogamous plants. This Is well marked in many places. Colonel 

Hall, in Ohimboravo, under the equator, at nearly 16,000 feet, found Druba aretoides, 
and Culcitium rufescens ; still higher, a moss, which may be considered as having 
attained the highest limit on the globe at which vegetable life exists. Lichens are 
the latest plants met with in ascending Teneriffe, the Himalaya mountains, and 
the Alps. 

1162. In the mountains of the torrid zone, the following regions 
are described by Meyen, corresponding to the zones given in his hori- 
zontal range of vegetation : — 

1. The region of Palms and Bananas, extending from the level of the sea to 1,900 feet 

of altitude. It corresponds to the Equatorial zone. 

2. Region of Tree Ferns, and species of Ficus, extending from 1,900 feet to 3,800. 

(Tropical zone.) 

3. Region of Myrtacese and Lauracem, extending from 3,800 to 5,700 feet. (Subtro- 

pical zone.) 

4. Region of Evergreen Dicotyledonous trees, extending from 5,700 to 7,600 feet. 

(Warm Temperate zone.) 

5. Region of Deciduous Dicotyledonous trees, extending from 7,900 to 9,500 feet. (Cold 

Temperate zone.) 

6. Region of Abietinesc, the Pine and Fir, extending from 9,500 to 11,400 feet. (Sub- 

arctic zone.) 

7. Region of Rhododendrons, extending from 11,400 to 13,300 feet. (Arctic zone.) 

8. Region of Alpine plants and Lichens, extending from the upper limit of shrubs to the 

snow line at 15,200 feet. (Polar zone.)* 

1163. Distribution of Plants in Britain. — The climate of Britain is 
influenced by its geographical position, and the form and elevation 
of its surface. The eastern coasts partake more of the continental 
climate, while the western experience the insular or more equable 
climate. The mean temperature varies from 45° to 51° F. In 
ascending the mountains, there is a fall of 1° of the thermometer on 
an average for every 230 or 240 feet of ascent. The number of 
Phanerogamous plants amounts to nearly 1600, of Cryptogamous to 

* Ou the subject of Botanical Geography, the student may consult Meyen’s work printed by 
the Ray Society ; Hooker’s Treatise in Murray’s Encyclopaedia of Geography; Malte Brim’s 
Physical Geography; Humboldt’s Narrative, &c.; and Bergliaus’s Maps, edited by A, K. 
Johnston, — a cheap quarto edition of which is now in the course of publication. 
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about 2,800. Mr. H. C. Watson, who is our chief authority on the 
geography of British plants, in his earlier works gives the following 
distribution in ascending regions : — 

1 . The Region of the Plains. This includes all the low and open country from the south 

coast of England to the borders of the Highlands, in lat. terminating 

at the sea level on the shores of the Clyde and Tay. It contains the common weeds 
and wild flowers of the country, and among trees, the Oak, Ash, &c. 

2. Upland Region. This is marked by the occurrence of Vaccinium Vitis-Idnea, Arcto- 

staphylos Uva-TJrsi, Polygonum viviparum, Trientalis europsea, Iinnsea borealis, &c. 

3. Median Region. A narrow belt just above the upper limit of cultivation, and tho 

growth of Ameutacere such as the Oak and Hazel. 

4 . Subalpinc Region. This commences at from 1,500 to 2,400 feet above the level of 

the sea. Juucds trifidus, Saxifraga nivalis, and Gnaphalium supinnm occur here. 

5. Alpine Region. This region is only truly seen in Scotland, Saxifraga cemua and 

rivularis, Draba rupcstris, Luzula arcuata, Stellaria cerastoides, and Alsine rubella, 
may be said to characterize it. 

Of late years, Mr. Watson lias proposed the following geographical 
division of British plants : — 

1. Agrarian. Plants found only within the limits of cultivation, or within the limits of 

Ptcris aquilina, in waste land the elevation or climate of which would not forbid suc- 
cessful cultivation. 

2. Agro-Arctic. Plants found within the region of cultivation, and also above these 

limits. 

3. Arctic. Plants found only above the limits of cultivation. 

1164. In considering the distribution of British plants in connection 
with geographical or local position, Watson suggests the following 
types:— 

1. Atlantic type: embracing species found in the south-west of England and Wales, as 

Erica ciliaris, Sibfchorpia euro pica, and Euphorbia Peplis. 

2. Germanic type : including species chiefly seen in the south-west of England, the chalk 

plants, as Phyteuma, Ophrys, and Aetinoearpus. 

3. The English type : consisting of species chiefly or exclusively found in England, and 

decreasing in frequency northwards, as Acer campestre, Tamus communis, Iris 
foetidissima, Orchis Morio. 

4 . British type : comprehending species widely spread over Britain, as Beilis, Calluna, 

Corylus. 

5. Scottish typo : embracing species prevalent chiefly in Scotland, or the north of Eng- 

land, as Trollius, Limuca, Andromeda, Primula farinosa. 

6. The Highland type : containing species either limited to the Scottish Highlands, or 

extending to the mountains of the north of England and Wales, as Salix herbacea, 
Azalea, Arctostaphylos, Lobelia, Subularia. 

7. Hebridean type : composed of a few species peculiar to the extreme north and west 

of Scotland, or at least chiefly seen there, as Eriocaulon septangulare, Ajuga pyra- 
midalis, Primula scotica. 

1165. Professor E. Forbes has adopted Mr. Watson’s view. He 
thinks that the vegetation of the British islands may be said to be 
composed of five floras : — 1. A west Pyrenean, confined to the west of 
Ireland, and mostly to the mountains of that district. 2. A flora re- 
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lated to that of the south-west of France, extending from the Channel 
Isles, across Devon and Cornwall, to the south-east and part of the 
south-west of Ireland (Watson’s Atlantic type). 3. A flora common 
to the north of France and south-east of England, and especially 
developed in the chalk districts (Watson’s Germanic type). 4. An 
Alpine flora, developed in the mountains of Wales, north of England, 
and Scotland (Watsons Highland type), 5. A Germanic flora, ex- 
tending over the greater part of Great Britain and Ireland, mingling 
with the other floras, and diminishing, though slightly, as we proceed 
westwards, indicating its easterly origin and relation to the character- 
istic flora of northern Germany (Watson’s British, English, and Scottish 
types). In attempting to account for the peculiarities of these floras, 
most of which had been previously noticed by Mr. Watson, Professor 
Forbes enters into some geological speculations, which, although en- 
tirely conjectural, are well worthy of consideration. He numbers in 
ascending order these floras, according to their magnitude as to species, 
and also, in liis opinion, according to their relative age and period of 
introduction into the area of the British islands. Ilis conclusions on 
this point are the following : — 

“ 1. The oldest of the floras now composing the vegetation of the 
British isles, is that of the mountains of the west of Ireland. Though 
an Alpine flora, it is southernmost in character, and is quite distinct as 
a system from the floras of the Scottish and Welsh Alps. Its very 
southern character, its limitation, and its extreme isolation, are evi- 
dences of its antiquity, pointing to a period when a great mountain 
barrier extended across the Atlantic from Ireland to Spain. 

u 2. The distribution of the second flora, next in point of probable 
date, depended on the extension of* a. barrier, the traces of which still 
remain, from the west of France to the south-east of Britain, and thence 
to Ireland. 

“ 3. The distribution of the third flora depended on the connexion 
of the coast of France and England towards the eastern part of the 
channel. Of the former existence of this union no geologist doubts. 

u 4. The distribution of the fourth, or Alpine flora of Scotland and 
Wales, was effected during the glacial period, when the mountain 
summits of Britain were low islands, or members of chains of islands, 
extending to the area of Norway through a glacial sea, and clothed 
with an arctic vegetation, which in the gradual upheaval of those 
islands and consequent change of climate, became limited to the sum- 
mits of the new-formed and still existing mountains. 

“ 5. The distribution of the fifth, or Germanic flora, depended on the 
upheaval of the bed of the glacial sea, and the consequent connexion 
of Ireland with England, and of England with Germany, by great 
plains, the fragments of which still exist, and upon which lived the 
great elk and other quadrupeds now extinct. 
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u The breaking up or submergence of the first barrier led to the 
destruction of the second ; that ol‘ the second to that of the third ; but 
the well-marked epoch of migration of the Germanic flora indicates 
the subsequent formation of the straits of Dover and of the Irish Sea, 
as now existing. 

“ To determine the probable geological epoch of the first or west- 
Irish flora — a fragment, perhaps with that of north-western Spain, 
of a vegetation of the true Atlantic/ — Forbes seeks among fossil plants 
for a starting-point. Thi;; he gets in the flora of the London clay, or 
Eocene, which is tropical in character, and far anterior to the oldest of 
the existing floras. The geographical relations of the Miocene sea, 
indicated by the fossils of the crag, give an after-date certainly to the 
second and third of the above floras, if not to the first. The epoch of 
the red or middle crag was probably coeval with the second flora; 
that of the mammaliferous crag with the third. The date of the fourth 
is too evident to be questioned ; and be regards the glacial region in 
which it flourished as a local climate, of which no true traces — as far 
as animal life is concerned — exist southwards of his second and third 
barriers. This was the newer Pliocene epoch. The period of the 
fifth flora was that of the post-tertiary, when the present aspect of 
things was organised. 

“Adopting such a view of the relations of these floras in time, 
he thinks that the greatest difficulties in the way of changes of the 
earth’s surface and destruction of barriers- — deep sea being found 
where land (probably high land) was — are removed when we find that 
those greater changes must have happened during the epoch immedi- 
ately subsequent to the Miocene period ; for wo have undoubted 
evidence that elsewhere, during that epoch, the Miocene sea-bed was 
raised 6,000 feet in the chain of Taurus, and the barriers forming the 
westward boundary of the Asiatic Eocene lakes so completely annihi- 
lated that a sea several hundred fathoms deep now takes their probable 
place. The changes required for the events which he would connect 
with the peculiar distribution of the British flora are not greater than 
these. Professor Forbes thinks that the peculiar distribution of en- 
demic animals — especially that of the terrestrial mollusca — bears him 
out in these views.” 

1166. The observations of Watson and Forbes lead to the conclusion 
that, with the exception of Eriocaulon septangulare, the British islands do 
not contain a single plant which is not found on the continent of Europe. 
These islands, therefore, cannot be considered as a centre of vegetation, 
but as having been colonized by successive vegetable migrations. Their 
opinion as to the origin of British plants, as condensed by Martins, is, that 
these islands have been peopled by many colonies successively leaving 
the continent of Europe, from the epoch of the middle tertiary formation 
up to our own. When a vast continent extended from the Mediter- 
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ranean regions to the British islands, the plants of the Asturias, and 
those of Armorica, peopled the south of England and Ireland. To 
this period succeeded the glacial epoch, during which the lands were 
immerged to a depth of about 1300 or 1400 feet. This is the period 
of the migration of the arctic plants, which still inhabit the tops of the 
Scottish mountains. When these lands emerged anew, England was 
united to France, the temperature being such as it is at present. At 
this time, the great German floral invasion took place, absorbing, so to 
speak, all the rest, and leaving very slight remains of them. Thus, 
while the Asturian plants, those of the south, are reduced to a small 
number of species confined to the south-west of Ireland, the hardy 
vegetables of the north completed their conquest. The colonization 
being completed, England became separated from the continent. 

1167. Martins agrees with W atson and F orbes in their general views 
of the British flora, adopting the following types : — 

1. Asturian Type — the remains of a Peninsular flora. 

2. Armoriean 'Type — vegetation like that of Brittany and Normandy. 

3. Boreal Type — flora like that of the Swiss Alps, Lapland, Iceland, and Greenland. 

4. Germanic type — the basis of the vegetation of England. 

He thinks, that while Europe lias had the principal part in the coloni- 
zation of the British islands, a great vegetable migration has also 
taken place from America ; and that the arctic plants originating in 
Greenland, have propagated themselves across Iceland, Feroe, and 
Shetland, as far as the mountains of Scotland. These mountains have 
therefore derived their flora partly from Norway and partly from 
Greenland, by a sort of double migration. His opinion is founded on 
the fact, that the relative proportion of plants, exclusively European, 
which enter into the flora of Shetland, is \ ; into that of F eroe, ; 
and into that of Iceland, ^ ; all the rest being common to Europe and 
America. In proportion, therefore, as we remove from Europe, 
the number of vegetables peculiar to that continent diminishes ; but 
at the same time, the proportion of the Greenland plants increases in 
nearly the same ratio. Martins, however, does not agree with Forbes 
in his bold and novel hypothesis, but attributes the colonization to the 
transport of seeds from America and Europe, by means of the gulf 
stream. This stream, he thinks, has thrown Eriocaulon septangular© 
on the shores of the Hebrides, and, running along the coast of Scot- 
land, carries seeds to the sandy shores of Shetland, Feroe, and Iceland. 
He considers it the principal agent in the diffusion of European plants 
in these islands. Winds, aerial currents, and birds, he thinks, have 
also contributed to the dissemination of species.* 

* For further details on the subject of the Geography of British plants consult Watson’s 
Distribution of British Plants, and Cybele Britannica; Forbes’s paper in the Reports of tile 
Geological Survey of Great Britain; Martins’ papers in the Edinburgh Philosophical Journal 
for 1849. 
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1168. Acclimatizing of Plants. — It is commonly supposed that by 
length of time plants may be rendered fit to endure a climate which 
they could not stand in the first instance. It has been said, that 
by slow degrees tender plants may become acclimatized to cold 
climates. Such a view, however, is totally inconsistent with the facts 
of the case. Each species of plant naturally bears a certain range 
of temperature, and it is impossible to extend that range. Many 
plants originally placed in greenhouses, and subsequently planted 
out, are held up as cases of acclimatization. Aucuba japonica, com- 
ing from a warm climate, was at first treated in this country as a 
stove-plant, and was afterwards planted out, and was found to en- 
dure the climate, but no change was made in the constitution of the 
plant. It was capable from the first of enduring the cold of this 
climate. Aponogeton distaehyum, an aquatic from the Cape, was 
cultivated long in the stoves of the Edinburgh Botanical Garden. A 
specimen was accidentally thrown into the open pond, where it has 
continued to live and flower for many years. The constitution of the 
plant is unaltered. It was able to bear a certain range of temperature, 
but cultivators were not aware of this in the first instance. Plants 
sent from warm countries, and supposed to be delicate, are often quite 
hardy, in as much as their native locality has been high on the moun- 
tains. Such is the case with Araucaria imbricata from Chili, and with 
some Nipal and Japan plants. Again, take the Potato, the Dahlia, 
Heliotrope, and Marvel of Peru, which have been long cultivated in 
Britain, and it will be seen that they are not in the slightest degree 
more hardy than when first introduced ; they are injured by the frost 
just as easily as at first. 

1169. Something, however, may be done by the art of the gardener, 
to render half-hardy species of plants less tender. In this climate, the 
great risk in such cases, is frequently not so much the degree of cold, 
as the accession of it at a time when the plants cannot resist it, in con- 
sequence of being full of sap. Attention, therefore, should be paid to 
bringing the plants into as dry a state as possible, at the beginning of 
winter. Bindley remarks that the only means of effecting this con- 
sists in thoroughly drained soil, and an elevated situation — the first 
preventing a plant from filling itself with moisture during winter, or 
overgrowing itself in summer, so as to enable it to ripen its wood ; 
and the latter securing it from the action of those early frosts in 
autumn, or those late frosts in spring, which are so pernicious even to 
our own wild trees. In an elevated situation, a plant also escapes the 
risk of being stimulated into growth by a few days’ warmth, succeeded 
by nipping colds, which so often occurs in our variable climate. 
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1170. The history of vegetation could not be considered complete, un- 
less we endeavoured to give some account, however brief, of the plants 
which existed on the earth in its primeval state, during the extended 
geological epochs which elapsed before the establishment of the present 
order of things. This subject is alike interesting to the botanist and the 
geologist. It has sometimes been called Geo -Botany, and is an impor- 
tant section of Ovyctology (ogvxrbg, fossil). Geology, says Phillips, 
u would never, perhaps, have escaped from the domain of empiricism 
and conjecture, but for the innumerable testimonies of elapsed periods 
and perished creations, which the stratified rocks of the globe present, 
in the remains of ancient plants and animals. So many important 
questions concerning their nature, circumstances of existence, and mode 
of inhumation in the rocks, have been suggested by these interesting 
reliquia? ; and the natural sciences have received so powerful an im- 
pulse, and been directed with such great success to the solution of 
problems concerning the past history of the earth, that we scarcely 
feel disposed to dissent from the opinion, that without fossil Zoology 
and Botany, or what is denominated Palaeontology (<ra\cuos, ancient), 
there would have been no true Geology.” The stratified crust of the 
globe is full of these monuments of vanished forms of life. They are 
of various kinds, are in different states of preservation, and occur very 
unequally in rocks of different kinds and ages. 11 le remains of ancient 
vegetation are very abundant in the coal measures, the important com- 
bustible material derived from them, and which is vegetable matter in 
an altered form. 

1171. Characters and arrangement of Fossil Plants. — From the 
state in which fossil plants are found, it is by no means an easy 
matter to determine their nature accurately. It is rarely that 
any of the essential organs are found in such a state of preserve- 
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tion as to furnish distinct characters. It is chiefly from the frag- 
ments of stems, and the impressions of leaves, and some fruits, that 
the fossil botanist can draw conclusions. Sometimes the internal 
structure of the stem can be traced, and by examination under the 
microscope, the nature of its woody tissue may be determined. In 
this way, some fossilized woods have been referred to the Coniferous 
tribe, in consequence of the presence of punctated woody tissue (fig. 
47). Fossil woods have been shown by chemical tests to contain por- 
tions of vegetable tissues, cemented into a mass by silica. In some 
cases the vessels and cells are separately silicified without being united 
into a compact mass. In these instances the wood breaks down easily. 
At times the internal structure is obliterated, and it is only from the ex- 
ternal configuration, the nature of the outer covering, and the scars of 
the leaves, that any conclusions can be drawn. The leaves often furnish 
important and valuable characters, and, in the case of fossil ferns, their 
form, divisions, and venation, supply distinguishing marks. The leaves, 
however, are generally isolated, and are rarely found in connection with 
the stems. Thus, the separation of the different parts of the plant, and 
in most cases, their imperfect state of preservation, are great obstacles 
in preventing the determination of fossil plants by a comparison with 
those which now exist on the earth. These difficulties art', increased 
as we go back to the earliest geological epochs, for the further they 
are removed from the present state of tilings, the greater are the 
differences between the fossil and living plants. Dr. Hooker remarks, 
that the knowledge of recent botany required to throw light upon the 
study of fossil plants, and the origin of coal must be both varied and 
extended. “ Some acquaintance with systematic botany is the first 
requisite; through this alone can any approximation to the living 
affinities of the fossil be obtained. It should embrace not only a 
knowledge of the principal groups, or natural orders under which all 
plants are arranged, but a familiarity with vegetable anatomy ; for 
when the stem or trunk alone is preserved, which is often the case, a 
minute examination of its tissues is the sole method of determining 
its position in the natural series. There must also be some general 
ideas of the vegetation both of the tropics and cooler latitudes, of 
mountain- chains, table-lands, vallies and estuaries ; more especially of 
countries characterized by equable, and by excessive or extreme 
climates, as compared with continents, and of humid and desert dis- 
tricts ; in short, of all the complex associations with, or dependence of 
botanical characters upon, surface, soil, and climate, which the globe 
presents.” 

1172. Many of the fossil plants of the tertiary or recent strata may 
be referred to genera at present existing, and merely present specific 
differences ; such as pines, elms, beeches, maples, &c. Those of the 
secondary strata may, in general, be referred to known families, but 
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in most instances require the formation of new genera. While those of 
the older strata, in numerous instances, cannot be classed in existing 
families, and must constitute new groups. Such are the Calamites, Lepi- 
dodendrons, and Sigillarias of the coal formation. From all the investi- 
gations of fossil botanists, however, it appears that the same great 
types existed in a former state as at the present day, viz., Cellular 
Cryptogamies, Vascular Cryptogamics or Aerogens, Monocotyledons 
and Dicotyledons, both Angiospermous and Gymnospermous. 

1173. Schlotheiin, Sternberg, Brongniart, and others, have pro- 
posed arrangements of fossil plants. 'That of Brongniart is founded 
on the resemblances which the fossils bear to living plants. When 
the analogy between a fossil and a living plant is such, that the differ- 
ence is not greater than occurs among the individuals included in a 
species of the living genus, then the fossil and living plant may be 
considered identical, and the epithet of fossil is applied to the name of 
the plant. If, on the other hand, the fossil presents distinct specific 
characters, but does not differ more from living species than those 
species differ among themselves, then it is looked upon as a new 
species of the genus. If the differences are well marked, but at the 
same time the organ which represents them is not of sufficient impor- 
tance to induce the belief that the plant differs from others of the 
genus in all its essential organs, then the termination ites is added to 
the name of the genus. Thus, Lycopodites is a genus of fossil plants 
allied to lycopodium, apparently not differing, so far as known, in 
essential and important parts ; so also Zamitos allied to Zamia, 
Thuyites to Thuya. If a fossil plant, although presenting several 
essential characters of a family, yet differs in the fossilized organ from 
all the known genera of the family, as much or more than these genera 
do among themselves, then it is to be considered as a new genus dif- 
ferent from those actually existing. This wili be seen in many of the 
coal fossils. 

1174. Before proceeding to notice some of the more important 
fossil plants, it will be necessary to give a sketch of the geological con- 
stitution of the globe. The rocks of which the earth is composed are 
either stratilied or unstratified ; and the former are either lbssiliferous 
or n on-fossi li ferous (azoic). The unstratified rocks, included under 
the names of Granitic and Trappean, are considered igneous, plutonic, 
or eruptive rocks, and do not exhibit any lbssiliferous deposits. 
Neither do fossil plants occur in certain metamorphic rocks, such as 
Gneiss and Mica-slate, which present a stratified appearance, and ap- 
pear to have been deposited in peculiar circumstances, probably at a 
high temperature. The igneous and metamorphic rocks arc sometimes 
included under the comprehensive name of Hypogene. 

1175. The lossili ferous Stratilied Bocks have been divided into — 1. 
Palgeozoic (jra/.atb^ ancient, and life), or those which contain the 

2 r 
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earliest fossil remains, including wlrnt have been called Transition, 
Primary fossiliferous, and Grauwacke rocks, and extending up to the 
Magnesian Limestone, immediately above the Coal measures. 2. 
Secondary, extending to the chalk. 3. Tertiary, extending to the 
recent deposits. The following tabular view is given by Ansted : — 


L Palaeozoic. 

Older Palaeozoic Lower and Upper Silurian. 

Middle Palaeozoic Devonian and old Red Sandstone. 

(Carboniferous system, Lower new Red Sand- 

Newer Palaeozoic •< stone, and Magnesian Limestone or Permian 

( System. 

II. Secondary. 

Older Secondary Upper new Red Sandstone or Triassic System* 

Middle Secondary .....Liassic, Oolitic, Wcalden. 

Newer Secondary Cretaceous. 

III. Tertiary. 


Lower Tertiary, or Eocene group. 

Middle Tertiary, or Miocene group. 

Newer Tertiary, or Pliocene group. 

Superficial Deposits, or Pleistocene group. 

1176. Fossil Flatus in different Ntrata* — The plants in these strati- 
fied rocks are either of a marine, Hukiatile, lacustrine, or terrestrial 
nature, according to the state of the globe at the period of their 
deposition. The condition of the strata as regards fossils may de- 
pend in some measure on the depth at which they were deposited 
under the waters of the globe ; for Forbes finds that in the present 
ocean, there is, at a certain depth, a zero of animal, and probably of 
vegetable life. The state of preservation depends much on the nature 
of the plant in regard to its anatomical structure. Cellular plants, 
which are easily destroyed, have in a great measure disappeared, while 
plants which resist well the decomposing action of water and other 
agents, such as ferns, occur in great abundance. In the Silurian sys- 
tem, the fossils consist chiefly of invertebrate animals. Lignite has 
been detected by Hugh Miller in the old Red Sandstone of the north, 
and has been referred to some coniferous plant by Nicol. In the 
Carboniferous system, fossil plants occur in vast quantity. With the 
Palaeozoic series one great epoch in the Rock formations was con- 
cluded, and a change took place so as to usher in the Secondary series. 
In the new Red Sandstone, the fossil remains are few and local, while 
in the Oolitic and Cretaceous systems they are more numerous. With 
the Secondary series of strata a general condition of the globe ended, 
and a new one commenced with the Tertiary strata. In these we 
meet with fossil remains nearly resembling or identical with the exist- 
ing races. The names given to the groups indicate this. In the 
Eocene group (ywg, drawn, and xouvbg, new) we meet with a certain 
proportion of living shells. In the Miocene ({auwv, less) the number 
of living spedes increases, although still less in number than the 
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extinct ones ; while in the Pliocene (crXe/aw, more) the recent shells 
outnumber the extinct ones. The differences between the organic 
contents of one system and another, are in proportion to the interval 
of geological time elapsed between them ; and the older the rocks, the 
more are the fossils distinct from the plants of the present day. The 
systems of organic life have always been adjusted to the actual condi- 
tion of land and sea. 

1177. The number of fossil plants known to M. Adolphe Brong- 
niart, in 1836, was 527. In 1845, Goeppert and Bronn stated the 
number to be 1,792; and as in the 100,000 plants now known to 
exist in different parts of the globe, a large proportion consist of cel- 
lular plants, which would disappear in the process of fossilization, it 
would seem that the total number of known fossil species bears a con- 
siderable proportion to those now existing. Their numerical distribu- 
tion in the different rocks is stated by Goeppert to be as follows : — 


Older and Middle Palaeozoic, 52 

Carboniferous, ...819 

Permian, 58 

Triassie, 86 

Oolitic, 234 

Wcaldcn, 16 

Cretaceous, 62 

Tertiary, 454 

Unknown, 11 


1792 

From this table, Murchison remarks, it appears that the newer Paleo- 
zoic group contains more than half the known species of fossil plants, — 
a remarkable circumstance when it is considered that the great herbi- 
vorous land quadrupeds had no existence before the tertiary period. 
The small number of plants in the Cretaceous system is probably owing 
to the depth of the sea in which these formations were deposited. 

1178. Among Dicotyledonous fossils there are numerous Amenta- 
ce®, Conifer®, and Cycadaee®, besides many doubtful species. Among 
Monocotyledons, there appear to be plants belonging to Liliace®, 
Smilace®, Palm®, Potame®, Pandanace®, &c. Among Acotyledons 
there are a vast number of genera and species belonging to Equise- 
tace®, Lycopodiace®, and Filices, and a few Marsileace®, Musci, and 
AJg®. 

1179, It is impossible in a short treatise like this to allude to many 
of the fossil species of plants. It will be sufficient to indicate some of 
the more important genera. The vegetable remains met with in the 
Silurian and Devonian rocks are few and unimportant, compared with 
those which characterize the Carboniferous period ; and their structure 
seems to indicate either that they have been longer exposed to the 
agency of moving water, or that they are cellular marine species. 
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An exception to this, however, occurs in the Lignite noticed by Miller. 
It is in the argillaceous and sandy beds of the Carboniferous system, 
we first meet with decided prods of the existence of land plants. 
These strata and sands alternate with beds of Coal, a mineral which is 
of vegetable origin, and which is deposited in various quarters of the 
globe in hollow troughs, the layers varying from the thickness of a few 
inches to 10 or 20 feet. It is rare to find coal exhibiting vegetable 
structure under the microscope ; but in certain cases this may be 
evidently seen. I have seen it in the Arniston coal of this neighbour- 
hood. Home have maintained that each stratum of cod is the pro- 
duct of a peculiar vegetation, frequently different from that which 
precedes, and from that which follows it. Hence each stratum is 
often characterized by the predominance of certain impressions. In 
examining a coal seam, there are frequently evidences of three distinct 
phases. In the underclay there are roots permeating the mass ; then 
comes the coal, which is either formed out of the plants whose roots 
are in the clay, or of others which have grown with them, or have been 
drifted ; and lastly, above t3ie coal there is the shale, which appears 
to have supported a vigorous vegetation. There have been .‘100 species 
of plants noticed as belonging to the Coal Flora of Britain. 

1180. Fossil Plants of tl»e Carboniferous Kyntem, — The great mass 
of fossil plants of this system belong to A erogenous Cryptogamics and 
Dicotyledonous Gyrnnosperms. Some of the plants called Palms, such 
as Noggevathia , Flabellaria , and Artma, are referred by Brongniart to 
the latter division. Ferns abound in this system, especially in the clays, 
ironstones, and sandstones. The species are included under the genera 
Sphenoptcris , Pecoptcris, Neuroptevi&j Odontoptcris , CyelvpUwis , Glossop- 
teris , and Lonchoptem. These plants rarely exhibit any traces of fruc- 
tification, in consequence of only one surface of the fronds being exposed 
to view, and they are therefore distinguished chiefly by the shape and 
venation of their fronds. Thus, Splienopteris (<rpj$ i/, a wedge, and otej/*, 
a fern), has a bi-tripinnatifid frond, pirmce narrowed at the base (eune- 
ate), not adherent to the raehis, lobed, veins bipinnate, somewhat radi- 
ating from the base (fig. 798). In Peeopteris (crlxw, to comb), the frond 
is pinnatifid or bi-tripinnatifid, pinna* adnate to the raehis, sometimes 
confluent, a strong primary vein reaching the apex, the secondary 
veins being nearly straight, simple or forked, rarely pinnate, sori 
rounded at the end of the secondary veins (fig. 794). In Neuropteris 
(v&gov, a nerve), the frond is pinnate or bipinnate, pinna 1 subcordatc at 
the base, distinct from the racliis, strong primary vein vanishing to- 
wards the apex, secondary veins oblique, arched, repeatedly dichoto- 
mous (fig. 795). Tree-ferns appear to have existed in Britain during 
the deposit of the coal strata, and to have occupied an important place 
in the flora. The stems of these ferns are included under the genus 
Caulopteris . The fronds have not been found attached ; but it is 
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1181. Some fossil plants, allied to Lycopodiums, also occur in the 
coal measures. These have been included under the genera Lycopo- 


Fig. 793.— Bphenopteris II ami ngli au sit, a fern of the Carboniferous system. 

Fig. 794. — Pecopteris aquilina, another fern. 

Fig. 795 — Neuropteris Loshii, another fern. 

Fig, 796.— Sphenophyllum dentatum, one of the dubious forms of the Carboniferous system 
perhaps allied to Salisbnrla. 

Fig. 797.— Anmilaria brerifolia, a coal plant, the aflinitles of which are unknown. 
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dites (figs. 798, 799) and Sdaginites. Some fossil species allied to 
these are grouped under the genus LepitlodendroJi (Xe a scale, and 

d'svbgov, a tree) (figs. 800, 
801). They appear to 
occupy an intermediate 
place between Conifer© 
and Lycopodiaceae. Their 
leaves are arranged in the 
same manner as some of 
the Conifer©, and their 
scars are similar. Their 
branches bifurcate like 
Lycopodiaeen?. They occur 
in the form of dichotomous 
trunks, 20 to 45 feet high, 
with linear or lanceolate 
leaves (fig. 801) like those 
of some species of Lyco- 
podium and Eutassa. The 
stem consists of a thin cuti- 
cle, a double cellular zone, 




a hollow vascular cylinder, and a pith. The tissue in the outer part of 
the double cellular zone is arranged like that of ferns, the vascular 
cylinder is about ^ of an inch thick, and consists of polygomd tubes 
marked with lines, while the pith is composed of fusiform cells. The 
stems are marked with rhomboid and orbicular scars (fig. 800). Their 


Fig. 798.— Lycopodites fWalchia Schlotlieimii), a plant allied to Lycopodium. 

Fig. 799.— Lycopodites (Walchia hypnotdes), another Lyoopodiaceous plant. 

Fig. 800.— Lepidodcndron crenatum, with the scare of the leaves on its stem. It belongs to a 
family of plants apparently intermediate between Conifers and Lycopodiace®. 

Fig. 801.— Lepidodcndron elegans, with its dichotomous trunk, and linear acute leaves. 
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cone-like fruit is said to occur in a fossil form called Lepidostrobus ; 
but under this name, as well as that of Strobilitas , the fruit of many 
different plants seems to be included. Lepidopliyllum is said to be 
the leaf of some Lepidodendron, and Ulodendron is an allied genus. 

1182. Stigmaria (ffrr/^a, a mark or impression) is a fossil genus, 
the species of which abound in the coal measures. They occur generally 
in the bed called the Underclay. Stigmaria ficoides (fig. 802) is the 
common species. It consists of a dome-shaped mass sending forth 
grooved and pitted branches, which divide dichotomously, and extend 
20 to 30 feet. Slender processes are given off, which appear to have 
been hollow (fig. 802). These processes (called fistular leaves), form 
an entangled mass traversing the argillaceous lower bed in every direc- 
tion. In Stigm arias three tissues are met with, vascular tissue forming 
the inner part of the cylinder, ligneous forming the wood, and cellular 
tissue forming a broad cortical zone, as well as the central portion or 
pith. Some think that the stores of fossil fuel in England and America, 
arc mainly due to the presence of this plant. There are no plants of 
the present day which resemble Stigmarias. Some have referred 
them to such genera as Cactus and Euphorbia, others to Isoetes. 
King says that they are the roots of the fossil plants called Sigillaria. 



1183. Sigillaria ( sigillam , a seal) is another plant which appears 
to have aided in the formation of coal. It occurs in the form of com- 
pressed stems, attaining a height of 40 to 50 feet, and a breadth of 5 
feet. The stems are fluted longitudinally, and marked at regular 
intervals by single or double scars, the remains of the leaf insertions 
(fig, 803). Some suppose Sigillarias to be allied to Tree-ferns, others 

Fig. 802.— Stigmaria ficoides; a branch giving off fistular leaves, which traverse the Under- 
clay in all directions. 

Fig. 80S.— Sigillaria pachyderm* : the stem marked with scars, and fluted longitudinally. 
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to Coniferae. Brongniart says they resemble Zamia integrifolia. King 
thinks that they arc intermediate between Ferns and Cycadaceie, that 
the fronds called Neuropteris constitute their foliage, and that Stig- 
marias are their roots. They have a medullary sheath in the shape 
of apparently isolated bundles, and vessels intermediate between true 
spiral and scalariform. The bark is said to be composed of two dif- 
ferent layers, thus giving rise to different impressions. r lhe furrows or 
fluted marks are due to the arrangement of the leaves on the stem. 
King says, that if in imagination we delineate a channelled stem of 
any height between 12 and 100 feet, crowned with a pendant fern- 
like foliage, furnished with wide-spreading thickly fibrillod roots, and 
growing in some densely-wooded swamp of an ancient Mississippi, we 
will then have formed a tolerably close restoration of a Sigillaria vege- 
tating in its true habitat. 

1 1 84. Catamites (xd7.ee/Mgj a reed), another coal fossil plant, occurs 
in the form of jointed fragments, originally cylindrical, and perhaps 
hollow, but now crushed and flattened (fig. 810). The stems are 
branched (fig. 805), and there appears to have been a distinct wood 
and bark. Their internal cavity seems to have been separated by 
horizontal partitions at the articulations, the intervals between the 



articulations becoming smaller towards the ends of the branches. Both 
stems and branches arc ribbed and furrowed (fig. 804). Some refer 
the numerous species of Oalarnites to Equisetacca*, but the presence of 
wood and bark has led others to place them among Dicotyledons* 
Some interesting fossil Coniferae, included under the names Pinites 
and Araucarites, are found in the carboniferous sandstone, as in Craig- 
leith Quarry, near Edinburgh. The specimens found in Craigleith 
have been referred to Pinites Withami and medv flare of Lindley and 
Hutton (Araucarites of Goeppcrt, and Dadcm/Ion of Endlicher). Some 
of these seem to be allied to the Araucaria tribe ; for instance to Eutassa 

Fig. 804.— Catamites Suckovii, composed of J jointed striated fragments having a lark. 

Fig. 806.— Calamitea canmeformis giving off branches. 
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excelsa, the Norfolk-Island Pine. Their wood, under the microscope, 
exhibits the punctated appearance and other characters of Coniform 
(figs. 806-809), and the disks are often in two or more rows (fig. 808). 


c 
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Some specimens have been found upwards of 70 feet long. These Coni- 
fer so seem not to have been associated with the Sigillarias and the other 
plants which abound in coal seams. They probably flourished in the 
neighbourhood, and were at times transported to these localities. A 
peculiar kind of fossil fruit called Trigonocarpum , resembling that of a 
Palm, has been found in some of the carboniferous sandstones. Nog- 
geratkia and Flabellaria have been referred to species of Palms, but 
Brongniart considers them as Cycadaceous. Lygivodemiron (Xiy/vog, 
wicker-work) is a peculiar coal fossil discovered by the Lev. Mr. 
Landsborough in Ayrshire, and described by Mr. Gourlie. Its im- 
pression consists of rounded narrow twigs, which cross each other 
like the parts of an osier basket. Stenibcvgia is a peculiar fossil, con- 
sisting of horizontal plates, which are held together by some con- 
nection in the axis. Some look upon it as allied to Dracama. It 
may be remarked, in general, that the Carboniferous flora is uniform, 
or nearly so, in all parts of the globe where carboniferous fossils have 
been obtained, viz. the whole of western, northern, and eastern Europe, 
North America, from Alabama to Melville Island, various districts of 
Asia, Eastern Australia, and Yan Dieman’s Land, and probably the 
Asiatic Islands. 

1185. As the great mass of fossils in the coal formation, consists 
principally of ferns, Brongniart has been led to dra w conclusions as to the 

Fig. 80G-809.~' Tlic structure of wood in recent Conifer®, to illustrate the appearances pre- 
sented. by some fossil woods. 

Fig. 806. — Transverse section of a piece of Coniferous wood, of the natural size. 

Fig. 807. — A section of the same wood seen under the microscope. The medullary rays and 
woody tubes seen without any large porous vessels. 

Fig. 808.— Longitudinal section of the same, in the direction b c, magnified. A medullary ray 
seen crossing the woody tubes, which are marked by disks, in one or more rows. 

Fig. 809. — Section of the same in the direction a b, perpendicular to the medullary rays, 
which are seen at intervals between the woody fibres. 
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climate of the globe, at the time when the coal fossils grew. Ferns of 
the present day thrive best in a moist insular climate, and many of them 
occur in tropical climates. Hence Brongniart conjectures that at the 
coal epoch the surface of the earth consisted of a series of islands in 
the midst of a vast ocean, and that the temperature was higher gen- 
erally than that of the present day. In the forests of these islands lofty 
Lepidodendrons would occur with their delicate and feathery fronds ; 
Sigillarias, with their fluted stems and enormous matted roots ; Cala- 
mites, with their singular branches ; Tree-ferns and Coniferous plants, 
resembling the Norfolk Island Pine, and towering 100 feet above the 
rest of the forest. He also thinks that the immense deposits of carbon 
at that epoch, warrant the conclusion that the air contained a large 
amount of carbonic acid. These conclusions are, of course, mere hypo- 
theses. In regard to the temperature, it may be remarked, that there 
is no evidence from the nature of the flora, of a marked increase of 
temperature at the coal epoch. In New Zealand, which is in a latitude 
the same as that of a great part of Europe, a very large proportion 
of the vegetation consists of Acrogenous plants. Feins and their 
allies, in that country, cover immense districts, replacing the grasses of 
other countries, and giving a marked character to all the open land. 
Some of the ferns attain a height of 30 or 40 feet, and occur in groups. 
Hemitelia capensis too, a Tree-fern found at tin 1 . Cape, was also seen 
by Gardner, at an elevation of 6000 feet, on the Organ mountains, 
thus showing a capability of enduring a great range of climate, and 
warning us against hasty conclusions on the subject of the temperature 
of the world at the coal epoch. 

Dr. Hooker thinks that the prevalence of ferns may be regarded as 
a probable evidence of the paucity of other plants, and the general 
poverty of the whole flora which characterized the formation. He is 
led to these conclusions from observing the mode in which the ferns 
in Van Dieman’s Land and New Zealand monopolise the soil, choking 
plants of a larger growth on the one hand, and admitting no under- 
growth of smaller species on the other. In New Zealand he has col- 
lected 36 kinds of ferns on an area not exceeding a few acres ; they 
gave a most luxuriant aspect to the vegetation, which presented scarcely 
a dozen flowering plants and trees besides. 

1186. Some have supposed that the plants of the coal fields have 
been drifted into basins, others that they grew in the spots where they 
are now found Beaumont thinks that all the vegetables which are 
now converted into coal, grew in swampy islands, covered with a 
luxuriant vegetation, which accumulated in the manner of peat-bogs ; 
that those islands having sunk beneath the ocean, were there covered with 
sand, clay, and shells, till they again became dry land, and that this 
operation was repeated in the formation of each bed of coal. The occur- 
rence of stems of trees in an erect state (fig. 810), appeared to him to 
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confirm the view that the trees were in situ. Ansted says, that although 
many trees are found in the coal measures in an erect or higldy in- 
clined position, there is no reason for believing that they grew on the 
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spot where they are met with. lie rather thinks that they have been 
caught or stopped in their passage down a rapid stream, and, like the 
snags in some of the great American rivers, have been detained till 
the lower portion was firmly embedded in the rapidly forming sand- 
stone. The imbedding of stems in strata of sandstone, is similar to 
what Gardner saw near the mouth of the Rio San Francisco, where 
coco-nut trees were found with their steins immersed to the depth of 
50 feet or more in the embankment of sand which stretches along the 
shore. Phillips remarks, that the condition of the plants which com- 
pose the coal, the general absence of roots, the fragmentary state of 
the stems and branches, the dispersed condition of the separable organs, 
all confirm the conclusion that the plants have been $w r ept down from 
the land on which they grew by watery currents, often repeated, and 
deposited in basins and large estuaries of the sea, or perhaps rarely in 
lakes of fresh water. 

1187. Fossil Plants of the Secondary Strata. — The plants of the 
Secondary series of strata are different from those of the Carboniferous 
system. The Stigmarias, Sigillarias, and Lepidodendrons cease, and 

Fig. 810. — Vertical stems of fossil trees, C&lamites chiefly, found in the Coal measures of 
Treuil, near Saint Etienne. 
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are replaced by a few ferns and their allies. Plants of the Zamia 
tribe occur along with some Gonifcrse. The pinnated frond called 

Pterophylluni (fig. 811), appears to be- 
long to a Oycadaccous plant allied 
to Zamia, while Voltzia (fig. 812) 
and Peace seem to be Coniferous 
genera. In the secondary formations, 
generally, there are no true coal fields, 
although carbonaceous matter, in the 
form of imperfectly bituminized lignite, 
is found deposited occasionally. Not- 
withstanding the absence of true 
coal, the sandstones and shales of the 
Oolitic system contain numerous fossil 
plants, which in their form and char- 
acter seem to be a transition between 
the Palaeozoic flora, and that of more 
recent formations. In the upper Oolite 
at Portland, there is a bed of earthy 
brown matter, about afoot in thickness, 
8X1 commonly known as the Dirt-bed, in 

which there is an assemblage of silici- 
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fed stumps of large trees (fig. 813). They are generally in an erect 
position (fig. 814), and appear to be in situ. They are probably Cyca- 

Fiff. 811. — Pterophyllum Pleiningerii, apparently the frond of a fossil Cycadaccous plant 
allied to Zamia. 

Fig. 812.— Voltzia heterophylla, one of the fossil Conifer® of the Triassic Bystem. 
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dacese. Plants of this natural family, in the form of Znmite « (fig. 81 6), 
Mantellia{ fig. 814), Cycadites , and Pterophyllurn (fig. 815), may be said 
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to characterize the fossil flora of the older oolite beds. Those plants 
take the place of the Lepidodendrons and Sigillarias of the car- 
boniferous period. The steins are found without any leaves attached, 
but some suppose that the fronds called Otopteris , are the leaves of 
some of the vspecies. The occurrence of these tropical forms seems to 
indicate a warmer climate than now exists in Britain. There are 6 
existing genera of Cycadacea? (f 1047). Two of these are represented 
in figs. 817, 818, shoiving the forms of the stems and leaves or fionds. 

Fig. 813.— The Dirt-bed of the island of Portland, containing stumps of fossil Cycadacetc in 
au erect position. 

Fig. 814. — Mantellia nidifonnis (Cycadeoidea), one of the siiicified Cycadaccce of the Portland 
Dirt-bed. . 

Fig. 815. — Pterophyllurn Williarasoni, the frond of one of the fossil Cycadacc®. 

Fig. 810.— Zamites. One of the fossil Cycadacm 
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There are 5 fossil one 9 according to authors. The fossil Cycadacere 
known up to 1845, and distinguished by specific names, amount, 



according to Gocppert, to 78. Amongst these are 9 stems or stipes, 
65 fronds, and 4 fructifications. The genera are : — 


Stems. Fronds. 

Cycadites, 11 4 7 

Zamites, 28 5 23 

Zamioetrobus, 4 — — 

Pterophyllmn, 23 — 23 

Nilsonia, 12 — 12 

78 9 65 


Fructification 


4 


4 


To this some add Mantellia and Palseozamia. The greater number of 
these are found in the Oolite and Lias. In the inferior oolites arc 
also seen peculiar Conifer®, belonging to the genus Brachyphyllum (fig. 
819), and a plant said to be a true Equisetum (fig. 820). The fossil 
Flora of the Wealden formation resembles in many respects that of 
the Oolitic system. Fronds of ferns, leaves of Conifer® ( Sphenophyllum) 
and of Cycadace®, occur along with some Fucoids. There are also 
silicified coniferous trunks, and two peculiar genera called ClatJiraria 
and Endogmites . The former is an arborescent plant, having its bark 


Fig. 817. — Cycas revolt! ta, one of the species of Cycas of the present flora of the globe, with 
its scale-like stem and pinnate fronds. 

Fig. 818.— Zamia pungeus, one of the Cycadace® at present existing On the globe. 
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formed by the union of the bases of tbe leaves, and covered by dis- 
tinct scales. The latter is apparently a Monocotyledon, perhaps allied 



to Palms. Some fruits, resembling those of Palms, are also found. In 
the Cretaceous system, there occur fossilized Dicotyledonous leaves 
and fragments of wood, marked by perforations of marine animals. 
Some of the Dicotyledons are Coniferous, others Cycadaceous. 

1188. Fossil Plants of the Tertiary Strata. — With the Chalk 
formation, the ancient condition of organized beings appears to have 
ended, and a new one commences in the Tertiary series. The plants 
of the Paleozoic and Secondary series are all extinct. Those which 
occur in the tertiary are totally different from all that have previously 
appeared. With the chalk, Ansted says, we close, as it were, one 
great volume of the history of animated creation. Every thing up to 
this point belongs to the past ; everything on this side of it may be 
ranked among indications of the present. New forms, new types of 
organization, corresponding to different habits and altered circum- 
stances, now replace those which have passed away. The conditions 
under which animals and vegetables lived were changed, and a new 
epoch commenced upon the earth. 

1189. Except a few doubtful fossils of the lowest organization, 
there are none common to the secondary and tertiary periods. The 
tertiary series are well seen in the south of Europe, Asia, and America. 
In Britain, the tertiary deposits are met with in the London clay, in 
Hampshire and the Isle of Wight, the Suffolk and Norfolk Crag, and in 


Fig. 819.— Brachyphyllirm, a Coniferous genus of the Oolitic system. 
Fig. 820.— -Equiaetum colunmare, a fossil species of the Oolite. 


608 


FOSSIL PLANTS OF THE TERTIARY STRATA. 


the Till of the Clyde. The London clay contains numerous fruits be- 
longing to many hundred species of plants. The first tertiary land of 
which we have knowledge, seems to have been richly clothed with 
plants. The strata axe, generally speaking, rich in fossils. The stems 
and leaves appear to be those of Dicotyledons, little differing from the 



plants of the present day (figs. 821-825), In the brown coal of this 
series, the structure of the wood is evident, and distinctly exogenous 

Fig. 821-823.— Structure of ordinary Dicotyledonous stems, to ill^trate the appearances pre- 
sented by some tertiary fossil woods. 

Fig. 821.— Portion of a Dicotyledonous (Exogenous) stem cut transversely. Natural size. 

Fig. 822. — Section of the same magnified, to show' the occurrence of large porous vessels- 
The ordinary Dicotyledons differ in this resjwct from Coni fern. 

Fig. 823.— Longitudinal section of the same in the ime a b, perpendicular to the medullary 
pUtes, showing a large porous vessel, and the rays appearing here and there among the woody 
tissue. 

Fig. 824.— Leaf of an unknown fossil Elm of the middle Tertiary epoch. 

Fig. 826. — Leaf of Comptouia acutiloba an Amentaceous plant of the same epoch. 
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(figs. 821-823), and there are often associated with it leaves of 
Poplars, Elms (fig. 824), and other forest trees. The fossil plants of 
the Isle of Sheppey have been examined by Bowerbank, and have 
led to the determination of several hundred species of plants, all of 
them extinct., and all resembling those of warmer climates. Fruits of 
Nipadites ( Pandanocarpum ), a fossil plant, allied to Tsipa, one of the 
Pandanacere ; J lighted , a 5 -seeded fruit, probably Malvaceous ; also 
the fruit of a Proteaeeous plant, and of species allied to Oanna, Cucum- 
ber, and the Leguniinosie and Conifer© of the present day. To some 
of them the names of ( Jupanoides , Wetherellia , Cucumites , and M irno- 
sites , have been given. In some of the tertiary formations there occur 
pieces of wood, which present the structure of that of Pepper-plants 
and of Palms (figs. S20, 827), and there are also leaves, which 
have the fiabelliform appearance of Palm leaves, included under the 



name of Pahnacites (fig. 828). Specimens allied to Cliara are also 
found, with their fructification denominated Gt/voffonit^. Above the 
tertiary strata, and forming a continuous series with the formations 
of the present day, occur the superficial deposits or the Pleistocene 
('TAg/fe'rog, most) group. They are ascribed to the violent action of 
water, and are somejpnes calied Diluvial. 

1190. There have thus occurred in this earth successive deposits 
and creations of plants and animals. These deposits have been vari- 

Fi£. 826.— Section of a recent Palm stem, to show its structure. The dark dots marking 
vjuoular bundles in the midst of cellular tissue. 

Fig, 827.— A portion of the same magnified, to show the vascular bundles. 

Fig. 82S. — Palmacltes Lamanonia. Leaf of a JVloncotyledon resembling a Palm. 
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ously altered and distributed, but all have proceeded upon one grand 
and harmonious principle, and all speak the same language. They 
tell us of changes which have taken place during the preparation of 
this world for the abode of man, the noblest of the Great Creators 
works. Many are afraid to enter upon the investigations of Palaeon- 
tology, from a mistaken idea that they are at variance with Scripture. 
We need not fear, however, that in prosecuting our scientific researches, 
we shall ever arrive at a point where the knowledge of nature will be 
found at variance with the truths of Scripture. r Ihc more each is 
studied, the more shall we find occasion to admire the harmony that 
subsists between them, and the beautiful light of illustration which 
they reciprocally shed on one another. 


For fuller details on the subject of Fossil Botany, consult Brongni art’s Plantes Fossiles, 
Hutton and Lindley’s Fossil Flora, Witham on Fossil Plants, Goeppert’s Fossil Ferns, 
Goeppert on the Flora of the Brown Coal Formation, in Arbeiten der Schlcsiehen Ges- 
ellschaft for 1847, and in the Quarterly Journal of the Geological Society, vol. v., King’s 
Papers on the Coal Fossils in the Edinburgh Philosophical Journal, Hooker’s Papers 
in the Report of the Geological Survey of Great Britain ; besides Geological works, such as 
Ansted’s Geolog}'. 



APPENDIX. 


I. — On tiie Use of the Microscope in Botanic ax Researcher. 

1191. The Microscope (uizgog, small, and gtiok sen, to see) is an instrument 
for enabling the eye to see distinctly objects which are placed at a very short 
distance from it, or to see minute objects that would otherwise be invisible. 
Tt has been used with great success in the examination of vegetable struc- 
ture. To it we are indebted for a knowledge of the various vessels and cells 
which enter into the composition of the different parts of plants, the circula- 
tion of fluids and ciliary movements, as well as for the facts connected with 
the development of the embryo. It is an instrument, however, which requires 
to be used cautiously ; and the conclusions drawn from it ought to be carefully 
weighed, more especially when the observations have been made with high 
magnifying powers. 

1192. jLchsch. — Before proceeding to notice the construction of simple and 
compound microscopes, it w ill bo advantageous to notice the different kinds of 
lenses used, and the sources of error which require to be guarded against in their 
preparation. The chief forms of lenses used are, the double-convex , with two 
convex laces ; plano-convex, with one face flat and the other concave ; double.- 
concavc , with tw r oconeave faces ; and plano-concave , with one flat and one concave 
face. Sometimes, also, a meniscus is used, w itb a concave and a convex face, and 
a sharp edge. In the use of ordinary lenses, there are sources of error from the 
form of the lens, and the nature of the material of which it is made. When 
parallel rays fall on a double-convex or a plano-convex lens, they are brought 
into a focus at a certain distance : but it is found that no lens with a spherical 
surface can bring the rays of light coming from one point exactly into the focus 
at another point. Hence arises what is called spherical aberration. More- 
over, the material of which the lens is made acts differently on the different 
portions of each rav, and separates the white light into different colours, which 
have various degrees of refrangibility. This gives rise to chromatic 
colour,) aberration. To remedy these defects, certain combinations of glasses 
have been adopted, so that the light traversing one lens through the centre 
may pass through near the margin of another. The confusion produced by 
these aberrations may be greatly diminished by diminishing the pencil of light; 
for instance, by employing a stop or diaphragm, which lessens the aperture of 
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the lens, and outs off the peripheral rays. In lenses of low power, such as are 
used in the simple dissecting microscope, these aberrations will not cause much 
confusion. It is only when high powers are required that, these aberrations 
must be done away with, the aperture being increased without interfering with 
definition. The invention of Wollaston’s doublet with two lenses, and Hol- 
land’s triplet with three, was with the view of diminishing, as far as possible, 
these aberrations. In this, however, they were not successful, for coloured 
images were still produced. Their lenses were constructed of the same kind 
of material; and it was afterwards found that in order that lenses might pre- 
sent the object uncoloured, or he what is called achromatic (a, privative, and 
^ojtAVL, colour), it was necessary to use glasses of two different densities. 
Achromatic lenses, or such as are nearly free from aberration, are constructed 
by placing together glasses of different dispersive powers, and of different forms. 
The usual achromatic consists of a double-convex lens, made of plate or crown- 
glass, and a plano-concave, made of flint-glass, fitted accurately to it, and ce- 
mented by Canada balsam. Sometimes three lenses are used, the middle one 
being double-concave, and in that case they cannot be cemented. 

1193. Microscopes are of two kinds— Simple and Compound. By the 
Simple microscope , objects arc viewed through a single lens, or through two 
or three lenses placed together, so as to form doublets or triplets. The glass is 
arranged so that it can be brought over the object, and adjusted, by means of a 
rack and pinion, or by some other contrivance, to its exact focal distance, the 
object, when opaque, being seen by light thrown from above, and when trans- 
parent, by light transmitted from below. This instrument, when used with 
single lenses or doublets, is the best for ordinary botanical investigations, 
more especially for dissections. The combination of three, lenses approaches 
too near the object, to be easily used. A very high power may be obtained 
by means of the lenses termed ( Addington’s, and by doublets formed of plano- 
convex glasses. The chief objections to the simple* microscope are the fatigue 
attendant on long-continued investigations, and the, small field of view. In 
the simple microscope, glasses of the following focal lengths may he employed 
— viz., 1 J inch, f , A j ; and, if very minute objects are to be examined, of ^ 
3 V or of an inch. 

1194. In the Compound microscope there are two sets of lenses, — the one 
called the object-glass or objective, the other the eye-piece or ocular. The first 
receives the rays from the object, and bringing them to new foci, forms an image, 
which the second treats as an original object, and magnifies it just as the single 
microscope magnified the object itself. In the construction of the object- 
glasses, great care is taken to render them achromatic. Those made by the 
most eminent London makers consist of two or throe compound lenses, which 
cannot be used separately, but are fixed together in a tube. In the case of 
high powers, the object-glasses art? also provided with an adjustment for the 
thickness of the glass covering the object to ho viewed. The eye-piece, 
also, must be so formed as to be free from error. That used is called Huygliens’, 
and consists of two plano-convex lenses witli their plane sides towards the eye, 
and placed at a distance apart equal to half the sum of their focal lengths, with 
a diaphragm placed midway between the lenses. In this eye-piece, the lens 
next the eye is called the eye-glass, the other the field-glass. The eye-pieces 
supplied with the best microscopes are usually three ; and they are so con- 
structed, that, with each of the object-glasses, they give a certain amplifi- 
cation of the object, the powers being in the proportion of 1 , 2 , and 3 , or 1 , 1 J, 
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and 2j. In the best microscopes there is also an achromatic condenser or 
eclairage, through which the light reflected from the mirror passes. The am- 
plification by means of an eye-piece in the compound microscope enables us 
to use an object-glass of a lower power than would otherwise be necessary. 
This kind of microscope, when well constructed, gives a fiat and colourless 
picture of the object, with clearness of definition. The observer can use it for 
a length of time with less fatigue than when employing the simple, microscope. 

111)5. In examining vegetable structures, an instrument magnifying 1 50 to 
200 diameters is usually sufficient; but in some instances higher powers are 
required. Achromatic object-lenses of 1 1 and {- of an inch, an*, recommended 
as the most essential ; and two eye-pieces should he provided, one of about 
1 £ and the other of inches in length. The instrument should have both a 
coarse and a fine adjustment; and it is of importance that it should he made 
to incline at an angle,, or to stand horizontally. A movable stage is also use- 
ful, so that the different parts of the object may be viewed without being 
touched by the fingers, and a spring-holder to fix the objects on the stage. 

1190. Micrometer. — In measuring the size of objects, a micrometer (/iux?hg, 
small, and /zirgov, a measure) is employed. The stage micrometer consists of a 
piece of glass, ruled with fine lines by means of a diamond point, at some known 
distance apart, such as the j f t 0 or To , (TO of an inch. This is laid on the object- 
glass plate, and the substance to be measured is placed on it. It is necessary 
that, the object and the lines should he seen at the same time, which cannot be 
always accomplished. The eye-piece micrometer consists of an eye-piece 
having a glass divided by lines, varying from to -j of an inch apart, placed 
either in the focus of the eye-lens, or below the field-lens. Other kinds of 
micrometers are also employed, such as the cobweb micrometer, where, by 
the motion of a screw, fine wires or cobwebs are made, to separate from each 
other. 

1197. Microscopic Apparatus. — In delineating minute structures, it is use- 
ful to have the image thrown on paper by means of a camera -hudda , or small 
prism, which can he easily attached to the microscope. A polarizing apparatus is 
a useful appendage. In the apparatus sent along with microscopes will be found 
a compressor i um, for the purpose of applying pressure to objects whilst they 
arc under examination, troughs for holding such plants as Cliara, which are to 
be seen in water, and various instruments for tbe dissection and examination 
both of animal and vegetable structures. In testing the power of the instru- 
ments, certain minute objects arc used, such as the scales of Podtira plumbea 
(common Springtail), of Lepisma saecharina, of Hipparchia .Tanira (common 
Meadow Butterfly), the hair of Dermestes, and Muscular fibrilhe.* Certain 
markings occur in these test- objects which can only he seen by good microscopes. 

1198. In viewing objects under the microscope, they must he placed on 
slips or slides of glass, which should be of a uniform size*, not less than three 
inches by one ; and they should be covered with pieces of very thin glass, -fo 
to r J 0 of an inch thick, and about £ of an inch square. The slides ought to be 
made of thin plate-glass, and the covers of very thin crown or plate-glass. In 
examining recent vegetable structures, it is best to moisten them with water. 
When the parts are dry, thin sections may be made cither by means of 
slicing instruments, or by a sharp knife. Many dry objects are well seen when 
immersed in Canada balsam. To preserve objects in a moistened state, the 

* For Drawings of these FibriUse, see Paper by Mr. W. Murray Dobie, in the Annals of 
Natural History. February, 1849. 
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substances used arc alcohol, solution of salt, alum and corrosive sublimate, 
water containing a small quantity of ereasotc (5 grains to the ounce; , and 
glycerine. The objects, in such instances are placed in shallow glass cells, 
or they are laid on the slides and covered with thin glass, w r hich is cemented 
by means of japanners’ gold size, or black japan varnish. 

1199. Histology. — Thestudyof the microscopic structure of organized bodies 
is termed Histology or Histiology (itfrog, nr /tfr/ov, a web, or tissue) . In the prose - 
cution of it, it is necessary to have good microscopes, such as those, constructed 
by Powell, Boss, Smith, and Peck in London, Oberhaiiso. & Chevallierin Paris, 
Ploescl in Vienna, Schick in Berlin, or Fmuenhbfer in Munich. It is not enough, 
however, that the instrument should he good ; the student must also know the 
mode of using it, and of manipulating. Hence the importance of courses of in- 
struction in this department, such as those given at various medical schools. 
Constant practice is required in order to avoid sources of fallacy aiul incorrect 
observations. The instrument must he steady; all dust must he carefully 
avoided, the lenses and glass-slides being well cleaned with such materials as 
well-washed linen, which will not leave any adherent particles. The illumina- 
tion ought to be good. The best light is that derived from a white cloud. When 
the sun’s light cannot he used, then a sperm-oil lamp with a shade may he 
employed, the light, being concentrated by a condensing lens. In viewing 
opaque objects, an additional supply of light is obtained by having a concave 
silvered speculum, called a Lkberhuhv , attached to the object-glass. The 
mirror of the microscope ought to be placed near the stage, in order that the 
rays may reach the object before crossing. Certain parts of objects may he 
rendered more visible by the use of re-agents. Thus, iodine gives a blue colour 
to starch, and usually a brown colour to the cell- nucleus and to the cell-mem- 
brane ; while sulphuric, nitric, and acetic acids, and ether, act by removing 
some matters which obscure vision in particular instances. 

1200. Dr. Allen Thomson remarks, that, in conducting microscopic observa- 
tions, it is proper to begin the examination of any structure with the lower 
magnifying powers, and then to pass from them to the higher ; and at all times 
to prefer the lower power when possible. The light passing through the in- 
strument should be moderate, and the eyes ought, as much as possible, to be 
screened from external light; the instrument ought to be placed at such a 
height, and in such a position, as will prevent either stooping in a constrained 
attitude, or fatigue from long-continued observation. In acquiring proficiency 
in the microscope, the student will find it easiest to begin with the various 
forms of cells in Conferva and other simple cellular plants, and then to proceed 
to the vascular tissues of higher plants, directing his attention first, to the sec- 
tions of the softer parts, and then to various kinds of woods. From this he 
may pass on to the structure of the leaves, flowers, pollen, seeds, and spores, 
and to the phenomena of fecundation, and the movemeut of fluids in plants.* 

Microscopical Preparations. 

1201. The following is a list of some of the preparations used in the Bo- 
tanical Class at Edinburgh, for illustrating vegetable structures : — 

Cellular Tissue . — Section of pith of Elder, section of Kicc-Paper plant, nu- 
cleated cells in the Onion Bulb, in Jungermannia bidentata, stellate cells 
of Juncus, hairs of Cotton. 

* For full details as to the construction of microscopes, and the mode of maldiu? preparations, 
consult Quekett’s u Practical Treatise on the use of the Microscope.” London, 1848. 
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Cellular Pfants.— Conferva, Diatoma, Isthmia, Liemophora, Closterium, H«e~ 
matococcus, Brapamaldia, Meloseira, Schizonema, Sphacroplea, Dickieia, 
Rivularia, Spirulina, Ulva, Anabaina. 

Spiral CeUs. — Oncidium, Jungermannia, Episperm of Salvia, Collomia, 
Acanthodium, Lophospermum, Cobsea, wing of the seed of Calempelis 
scaber. 

Woody Fihrc.—U oot of Elder, Flax, Hemp. 

Spiral Vessels. — Canna bicolor, Nepenthes, Banana, Cactus, Hyacinth, As- 
paragus, Balsam, branching spirals in Mistleto and Long-leek. 

Porous Vessels. — Sugar-cane, Nepenthes. 

Annular Vessels. — Root of Opnntia. 

Scalar if arm Vessels. — Osmuuda, Asplenium, Cheilanthes. 

Latiriferom Vessels. — Ficus elastica, Euphorbia, Tragopogon, Chelidonium. 

Ihriicle. — Pelargonium, Oncidium, Wheat Straw, Equisetum. 

(Rands and Scales. — Leaf of Mentha, Aloysia, Elmagnus, Sweet Briar. 

Hairs. — Cynoglossum, Sterculia, Goidfussia, Trichinium, Stifftia, Alyssum, 
Tradescantia, Antirrhinum, Deutzia, Nettle, Chinese Primrose. 

Stomata. — Hyacinth, Begonia, Oleander, Lilian], Equisetum. 

Starch. — Arrow-root, Tous-lcs-mois, Potato. 

Baphides. — Hyacinth, Rhubarb, Arum, Onion, Balsam, Cactus, Ficus. 

Vertical Section of Leaf. — Oleander, Ficus. 

Leaf and Hoot- A ppendages. — Bladder of Utricularia, sheath of Lemna. 

Exogenous Stem and Boot . — Clematis, Chesuut, Alder, Poplar, Willow, 
Elder, Birch, Bread-fruit Tree, Banksia, Bignonia, Dry mis, Ebony, Fir, 
Pepper, Cedar, Norfolk Island Pine, Savin, Oak, Elm. 

Endogenous Stem. — Palm, Cane, Sugar-cane, Corypha. 

A erogenous Stem .* -~Tre< -fern , 

Pollen. — -Acacia, Lily, Paxmy, Passionflower. 

Pottcri- Tabes, — GSnothcra, Antirrhinum, Linaria, Esehscholtzia, Gesnera. 

0 rules . — V allisneria, A rmeria. 

Embryo. — T ropscolui n , Draba . 

Section of Indurated Cells. — Seed of Ivory-palm, Doom-palm, Betel-palm, 
Terminalia, endocarp of Coco-nut, pericarp of Attalea, scale of cone of 
Stone-pine. 

Spores 1 Sc. — Equisetum, Fern, Moss, Jungormannia, Peziza, Agaricus, 
Tyndaridea Thwaitesii in conjugation, Cylindrocystis and Zygnema in 
conjugation, spores of Fucus canal iculatus germinating, Spcrmatozoa-cells 
of Ohara. 

Fossil Fxogens. — 'Whitby, Craigleith, Tweedmill, Lough Neagh, Kergue- 
lens-land, Ohio, Scarborough, A lien- Bank, Folkestone, Egge, Norway. 
Harwich, Botany Bay, Newcastle, Isle of Thanot, Lennel Braes. 

Fossil Fndogens. — Antigua. 

Fossil Diatomacm . — In Premnay Peat. 

Section of Surturbrand Lignite. — Iceland. 

Sections of Broum Coal. — Devonshire and Hessia. 

Sections of Coal. — Lesmahagow, Newbattlc, Monkland, Arniston. 

II. — On Collecting ani> Examining Plants, ani> on the Formation of a 

Herbarium. 

1202. Instruments and Apparatns.— In examining the characters of 
plants with a view to classification, the chief instruments required are a 
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lancet-pointed knife, a small pair of forceps, and a lens. In more minute 
examinations, the simple or compound microscope must he called into re- 
quisition. In selecting specimens, care should he taken to have the plants 
in a perfect state, or with all the characteristic parts present. The en- 
tire plant should be taken when practicable; when that is not the case, then 
those parts should he taken on which the generic and specific characters are 
founded. The roots should always be carefully washed at the time the plants 
arc gathered. In most cases, particularly in specimens of Umbel lifer se, Legu- 
rainosa 1 ., Composite, Rosas, &c., it is of importance that both flowers and fruit 
should he preserved. In the case of Willows, the young shoot, with its fully 
developed leaves, as well as the male and female flowers, are requisite. In 
Rnbi, specimens of tlie young shoots must be taken. When bulbs or tubers 
exist, they should be preserved, either in an entire or split condition; and 
when there is much mucilaginous matter in them, they may be enveloped in 
small pieces of paper, so as to prevent them from adhering to the drying jiaper. 
In the case of Ferns, two fronds are necessary to make a perfect specimen, 
showing both surfaces, along with a portion of the rhizome. Entire specimens 
of Gramineae, and Oyperacete, should be collected ; these, when long, may he 
bent into one or more folds, corresponding to the size of the paper on which 
they are to he fastened, the folds being temporarily retained hy small slips of 
paper having slits in the centre. No had specimens ought to he preserved. 
The size of the paper recommended for forming a herbarium is about 17 by 
10| inches. It ought to he stiff paper fit for writing upon. The size of the 
paper will determine that of the specimens to he dried. 

1203. In taking up the roots of plants, a small Digfler or trowel is used, 7 
or 8 inches long (fig. 829) ; the spud 2k inches long, 2 J inches wide at the 
top, narrowing gradually to 2 inches at the bottom, the 
lower angles slightly rounded. This can he put into a 
leather sheath, and fastened by a strap round the waist, 
the spade itself being attached to the strap hy a long string. 
A japanned tin box or Vamdtm is required for the recep- 
tion of specimens. This should be. of sufficient length to 
receive a plant of the full size of the herbarium paper ; it 
ought to be convex on both sides (fig. 830) ; and its capa- 
city may vary according to flic wish of the collector. In 
long excursions, where productive localities arc visited, it 
will be found that a vasculum 20 inches long, by 8 or 9 
inches wide, and 5 deep, is not too large ; and when it is 
829 made of thin tin, it is by no means heavy. At one end, a 

good sized thickish handle should be placed, 
and it is necessary to have wires fixed at 
each end so as to receive a strap for fasten- 
ing the vasculum on the shoulders. The lid 
of the vasculum should be large, and is best 
secured by a wire which slips into a tin 
sheath, and so constructed as not to be liable 
to slip out when the box is held hy the handle. For mosses and some Alpine 
species of plants, a small box may also be carried in the pocket. Many plants 

Fig. 829.— Digger or spade used for botanical purposes, 7 or 8 inches 

Fig. 830.— Form of large vasculum or botanical box, convex on both sides, and about 20 inches 
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will not bear transport; their flowers fall off easily, and they are so delicate 
that their foliage becomes shrivelled. In such instances it is best to put them 
at once into paper. This is managed by having a small Field-book (fig. 831), 
which may be put into the pocket or suspended 
round the neck, secured by straps so as to give 
pressure, and with an oil-cloth -covering which 
may be used in wet weather. This field-book 
may be made with two thin mahogany boards on 
the outside. 

1204. The Paper for drying should be mo- 
derately absorbent, 18 inches long by 11 broad, 
and arranged in parcels containing not less than 
four sheets. The paper which is used exten- 
sively in Scotland is made bv Mr. Weir, Queen 
Street, Glasgow. In many respects the Edin- 
burgh botanists prefer it to Bcntall’s. It is of considerable thickness, absorbs 
moisture rapidly, but does not become too moist, and dries easily. A very 
thin kind of paper, called crown-tea- paper, is used for holding very delicate 
plants, which cannot be easily transferred from one paper to another during 
drying. After being carefully laid out in the folds of this paper, they are 
placed between the sheets of drying paper, and when the paper is changed 
they are transferred at once in tlieir thin cover without being disturbed. 

1205. In order that pressure may be given, Boards are requisite. These 
should be exactly the size of the drying paper. {Some of them are used for 
outside boards, and these ought to he thicker and stronger than the rest; 
others are inside hoards, about $• of an inch thick. For every two reams of 
drying paper, not less than ten hoards should he procured; two of which are 
for the outside, and eight for the inside. Sheets of stout pasteboard are also 
useful for packing up the plants as they become dry. The pressure is host 
applied on a botanical excursion by means of a rope put twice round the hoards 
and paper, and tightened by a rack-pin. This is much better than straps 
which are apt to give way, and arc with difficulty replaced during an 
excursion. In other circumstances, pressure is host applied by means of 
heavy weights. The pressure ought not to ho less than 100 lbs. This 
is preferable to a screw-press, in which tbe pressure is not kept up while the 
plants are losing their moisture. In the ease of plants with strong stems, 
they must either he split, or a sand-hag, of the same size as the hoards, used, 
so as to equalize the pressure. 

1200. Process of Drying. — The plants when collected are to he placed on 
the drying paper. In doing this, a parcel of not less than four sheets is put on 
one of the outside hoards ; then the specimens are laid out carefully, preserving 
as far as possible their natural habits, and laying out the leaves pud other parts. 
Another parcel of drying paper is then placed above these, and the same pro- 
cess is repeated with other specimens until twelve such parcels have been placed 
together. Then one of the inner hoards is laid down, and other layers of paper 
and specimens are applied, until the whole parcel is of sufficient size to he sub- 
jected to pressure. After twelve hours pressure, in most instances, the paper 
is changed, the moist paper being hung up to dry ; and in transferring the spe- 
cimens from the wet to the dry paper, a large pair of surgeon’s forceps is used. 
The interval elapsing between the changing of the paper may he increased or 

Fig, 881.— Form of field-book containing paper for pressing plants during an excursion. 
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diminished according to the nature of the plants, and the state of the weather. 
In the course of eight or ten days, ordinary specimens will he so dry as to 
require only very slight pressure, with a moderate circulation of air. Home 
very dry plants, as grasses, may require only one changing. Some very suc- 
culent plants require a long period of pressure, and constant changing ; and 
many of them, such as Stone-crops, must be killed by immersion in boiling 
water for five or ten minutes. Oreliideous plants should be put into warm 
paper, and changed frequently, with the view, if possible, of preserving their 
colours by the rapidity of drying. Scarification has sometimes been adopted 
with the view of allowing the juice to flow out rapidly. At the time the 
specimens are laid out on the drying paper, a label should be inserted with 
the date of collecting, the mime of the station, its elevation above the sea (if 
it can be ascertained), and any remarks as to soil or geological structure that 
may be known. With the view of transporting dried plants securely in wet 
weather, it is useful to have*, a supply of oil-cloth to cover them. 

1207. Mosses may he collected in excursions in tufts, and dried by moderate 
pressure at first. They can afterwards be separated, moistened and dried 
with greater pressure. They ought to be gathered in fructification. Lichens 
sometimes require to be taken with the rocks or stones to which they are 
attached, and they may be merely wrapped up in paper. Sca-weeds must be 
washed with fresh water before being laid out. The more dedicate kinds are 
floated out on pieces of stiff paper, and afterwards dried by moderate pressure. 
In preserving fungi, such as Agarics, &e., a tliin slice is taken from the centre, 
extending from the top of the pilous to the base of the stipe. This is dried 
separately to show the gills or pores, &c. The inner cellular portion of the 
pilous and stipe is then removed, and these parts are dried so as to give the 
form. Travellers visiting foreign countries (although not botanists) will 
find it an easy matter to preserve Mosses, Lichens, and Sea-weeds in a state 
fit for after-examination. In the case of Sea-weeds, it is necessary to avoid 
such specimens as arc in a state of decay. Those which arc taken should be 
spread out in the shade to dry, without washing them with fresh water, and 
when quite dry, packed loosely in a box. Many species arc found thrown 
upon the beach, and the pools in the rocks at low water are often filled with 
excellent specimens. The stems of the larger Alga 1 , are often covered with 
parasitic species, which should be dried without separation. 

1208. When the specimens (whether Phanerogamous or Cryptogamousl 
are fully dried, they are then selected for the herbarium, and are fastened 
upon fine stiff paper, 17 inches by 10.J. In large herbaria, which are con- 
stantly consulted, the best way of securing tlie specimens is by means of fine 
thin glue ; the plants, after the glue is put on them, being made to adhere 
to the paper, by pressure between folds of drying paper. Some use gummed 
paper, others use thread or narrow ribbon, by means of which the speci- 
mens are sewed to the paper. In herbarium-presses, camphor is employed 
to prevent the attacks of insects. The specimens must be kept dry, fre- 
quently examined, and when insects are present they may be touched with 
an alcoholic solution of corrosive sublimate. 

1209. Specimens in a moist state. — In preserving fresh specimens of 
fruits, and the other parts of plants, the best mode is to put them into a satu- 
rated solution of salt and water. They can thus be sent home from foreign 
countries in jars or barrels. In making a museum of such specimens, they 
arc put into glass jars, the sizes of which should be regular — 4, 8, 12, and 16 
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inches high, with a diameter varying according to the size of the specimen. 
The glasses may he filled with the following solution, which is nearly the 
same as that used by Goadby, and which seems to answer well in most, in- 


stances: — 

Bay salt, 4 ounces. 

Burnt alum, 2 ounces* 

Corrosive sublimate 20 grains. 

Boiling water, 2 quarts. 


Dissolve and filter the solution. Spirit is often used, but it usually makes all 
colours alike brown. It is useful for delicate specimens which arc required 
for dissection. Diluted acetic acid may be employed in some cases. The 
mouth of the glass jars may he conveniently covered with Indian rubber, or 
in the case of glasses of small diameter, with a watch glass secured by sealing 
wax. 

1210. Seeds, when sent from abroad, should he collected perfectly ripe and 
dry, and if possible kept in their entire seed-vessels. Small seeds may be 
folded in cartridge paper, and should be kept in a cool and airy place during 
transport. Large seeds and oily seeds, which loose their germinating power 
speedily, are best transported in earth. A box about 10 inches square, with 
the sides g of an inch thick, answers well. In tins may be put alternate 
layers of earth and seeds, the whole being pressed firmly together. Living 
plants arc best transported in Wardian cases (^[ 297), and seeds or fruits may 
also bo scattered in the earth of the cases. Bulbs and rhizomes not in a state 
of vegetation, cuttings of succulent plants, as aloes and cactuses, and the 
pseudo-bulbs of Orehidoous plants, may he put into a box or barrel with dry 
moss, sand, peat, or sawdust. 
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’V The Index is intended to servo as a Glossary. References are made to the Paragraphs in 
which the terms arc explained, and the meaning of several names not noticed in the 
text is given in the Index. 


PARAGRAPH 


Abaxial or abaxile 002 

Abbreviations 713 

Aberration, spherical 1102 

— chromatic 1102 

Abies 1010 

Abiotinetc 1045 


} Region of. 1102 

Abnormal 121 

Abortion or mm-develop- 
ment 389 


Abrupt, blunt, see Truncate. 
Absorption of fluids by 
plants 253 


Inorganic 


matters 231 

Acacia J57, 852 

Acanthacem 970 

Acanthodium 971 

Acanthus 971 

Acaules 05 

Acclimatizing of plants... .11 08 

Accrescent 367 

Accrete, grown together. 

Accumbent 001 

Aceracete 805 

Acerose leaf, narrow and 
slender, with a sharp 
point. 

Achtonium 541 

Achlamydeous 351, 049 

Achlya 1129 

Achms 937 

Achromatic 1192 

Acicular 150 

Acids, Organic 320 

Acinaciform 150 

Acinus, one of the divi- 
sions of the fruit of the 

Raspberry 545 

Aconita or Aconitina 740 

Aconitum 740 

Acoreee 1092 

Acorns Calamus 1093 


1‘AUACIKAPH 


Acotyledones ....590, 1104 

Acotyledonous stem 71, 102, 107 

Aominphibrya 730 

Acrobrya 1104 

Acrocarpi 1115 

Acrogemo 1105 

Acrogenous stem... 71, 102, 107 

Ac taw 739 

Aetineuehyma 5 

Aculei ! 57 

Acuminate 150 

Acute, sharp-pointed. 

Adam’s nee.dlo 1078 

Adansonia 784 

Adlimvnt 160, 408 

Adhesion of Organs 652 

Admite 160, 408 

Adpressed, hairs 60 

Aduneous, crooked or hooked. 
Adventitious leaf-buds..... 196 I 

— roots 121 

Aerial stem 170 

yEscnlns 807 

./Estivation 354 

Ethiopian Lily 1093 

Affinity 704, 1147 

Agamotis 389 

Agaricus 1124, 1125 

Agatbotes Cbirayta 919 

Agavem 1072 

Ages of trees .79, 635 

Agglutination of cells. 13 

Aggregate 541 

Aggregate fruits 538 

Air-cells 21 

Air-plants 121, 251 

Akee fruit 807 

Alabastrus 354 

Aim 379 

Alangiacese 864 

Albumen 587,588 

Albuminous 587 

Alburnum. 78 


pAUAmiApn 


Alder 1088 

Algso 1127 

Algology, the study of sea- 
weeds'. 

Algaroba-boan 851 

Alismaecio 1088 

Alkaloids 321 

Allcanet 959 

Alliea? 1077 

Alligator pear 994 

Allium 1078 

Allspice 867 

, Carolina 856 

Almond 855 

Aloe, American 1073 

Aloes 1078 

Aloes- wood 1003 

Aloimuo ...1077 

Aloysia 969 

Alsinaceous corolla 378 

Alsmenp 77K 

Alsodeiete 768 

Alstroemcrieu* 1072 

Althaea 782 

Alternate 170 

Altingiaeert*. 1035 

Alumina in the soil 236 

Alveola, a pit or socket. 
Alveolate, like a honeycomb. 

Amadou 1125 

Amanita 1124 

Amaranthacoje 984 

Amaryllulaceni 1072 

Amentacesr 1035 

Amentum 334 

American cowslip is llode- 

catheon 975 

Amonmm 1062 

Ammonia, source of nitro- 
gen 215 

Ammoniacal liquor, as a 

manure 246 

Ammoniacal manures 243 
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PARAGRAPH PARAGRAPH I PARAGRAPH 

Ammoniacum . 891 Antheridium 427,492 Aseherson on Cytogenesia 22 

Amnios 463, 586 Anthems, opening of the Aaeidia . 164 

Amniotic sac... 504 flowers 354 Asclepiadacete 942 

Ampelidem 813 Anthocarpous 538, 556 Ascomycetes 1123 

Amphibious plants 1139 Anthodluni 336 Ascus 459, 1119 

Amphibrya 1049 Anthotaxis 324 Ash 941 

Amphigamas or Ainphi- Antiaris 1024 Ashes of plants 220 

gem*' 1118 Antieai 412 I — Bean, Pen, and 

Amphisarca, an indchis- Antirrhinkmm 964 Uye-G rass 223 

cent nniltUocular fruit, Antitropal 603 Oats.., 223 

like that of the Baobab. Aperispormic 605 Wheat 223 

Amphitropai ....467,603 Apotalons (547 Aspavagese 1077 

Amplexicaul 139 Apliyllanthese 1077 Asparagus 1078 

Ampullm 120,164 Apiaoea? 888 Aspen.... ..1036 

Araygdaloue 854 Apieilar 451 Asphodelem 1077 

Amygdaline 310,855 Aptctilar 530 Assafcetida 891 

Amylaceous, starchy. Apiculate 528 Astcrame 910 


Amyridacete 844 


Region of... 1155 


Anacardiacem 842 

Awacyclus 917 

AnagalHs 975 

Analogy 1347 

Analysis of soils 238 

Anamirta..... 747 

Ananas 107(5 

Anastomosis, the union of 
veins. 

Anatomy, vegetable 1 

Anatropal 467, 58*1 

Anatropous 467 

Anceps, two-edged. 

Andira 850 

Androecium 390 

Audrogymms, inflores- 
cence consisting both of 
male and female flowers. 

Androphore 399 

Anemonem 730 

Anethum 892 

Autractuose 406 

Angelica 890 

Angieiichyma 28 

Angiospenme 981 

Angiospcrmous 576 

Angustiseptm 760 


Angostura or Angostura 


bark 


828 


, False 947 

AniHe 892 

Anisostemonous 392 

Annotinus, a year old. 

Annual 633, 713 

Annular cells 11 

vessels 35 

Annularia * 1180 

Annulate ferns ..1108 

Annulated root 125 

Anomalous, unusual, 

Anonaccas 744 

Anterior, applied to parts 

of the flower 357 

Anthomis....... 917 

Anther 395,402 

, colour of. 413 

f coverings of. 403 

— — — , dehiscence of. 410 

, development of.... 404 

— , — f form of lobes of.... 406 
, union of 417 


Antbericece 1077 I 


Apocarpous 

.134,538 

Asters, Region of. 

1155 

Apoeynaeea* 

944 

Astragalus 

850 

Apophysis 

11L4 

A the.rospermacea* 

1029 


JU9 


5 

Appendicular organs. 

57 

Atriplex...." 


Appendiculate 

.383, 398 

Atrupa 

961 

A pple 

855 

Atropia 

961 

Appressed lmirs 


Atropoiis or alropal... 


Apterous, without wii 

gs. 

Attar of Roses 

855 

Aquatic plants 

1139 

Aueuba 

896 

Aquifoliacea* 

934 

Aurantiace.*e 


Aquilariacem 


Auricula 

975 

Arabine 

803 

Auriculate 


Araceie 


Autumn Crocus 

1080 

Araliaeea*.... 


AveJlano 


Araucaria 


Aveuia 

141 

Araucaritcs..... 


Avocado Pear 


Arborescent 

68 

Awl-shaped, see Subulate. 

Arbor-vita* 


Awn, see Arista. 


Arbutus 


A wned, see Aristute. 



492 


150 

Archil 

1121 

Axial ....* 

(502 

Arctium 

..... 916 

Axil 

140 

Arctostaphylos 

927 

Axile 

.410, 602 

Arcuate, curved like a bow. 

Axillarv 

.340, 160 

Ardisia 

938 

Axis, ascending 


Arena 


descending 


A NUiil«.!U 

mure 

floral 


Aroolato, divided into did- 

Azote, source of ....... 

215 

tinct angular spaces 


Azotized matter in plants 311 


943 


. 310 

Aril lode 

581, 996 

Azalea 

...... 927 

Arillus 

..... 681 



Arinea* 

1092 


R52 

Arista, an awn, as 

in 

Bacca 

550 

grasses 


Baccate 



1099 



Aristolochiaciw 

1009 

Baiansta..... 


Armor ia... 

977 


- - 967 

Arnica 

917 

Balm of Gilead 

845 

Arnotto family 

766 

Balsam, bursting of seed- 

Arracacha 

890 

vessel 

97 


l«)64 



nwn 






Artantlie .. 

1034 




917 


gpi 

Artichoke 

916 

Balsa, maceie 

1035 

, Jerusalem. 


Balsaminuccfe 


Artificial System. 

715 

Balsamodendron ...... 

845 

Artoearpem.... 

1021 


. 318 

Asarabacca 


Bamboo 

1102 

Asarum 

1010 


r .1066 

Ascending ovule 

471 

Bananas. Region of.... 
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PARAGRAPH PARAGRAPH PARAGRAPH 

Bane-berry is Acisca 739 with apertures at each Brazil-wood 851 

Banksia 998 end. Bread-l'ruit 1024 

Banyan 1023 Bifurcate 400 Bread-tree 1048 

Baobab 108, 784 Biguoniacere 950 Brexiaccje 824 

Barbadoes Cherry 804 Bi jugate 153 Bristles 57 


Barbadoes Cherry 804 Bi jugate 153 

Barbadoes Gooseberry 883 Bikh 740 Britain, Flora of.... .1165 

Barbed 58 Bilabiate 382 British plants, distribution 

irk... 72, 82 1 Bilainellar 457 of H63 

false, in Endogcns... 92 Bilateral 450 Thocoli 7^2 

— , functions of 109 Bilimbi fruit 821 Bromeliacem .1076 

— , mode of its increase 86 Bilocular 405, 440 Broom 850 

— , rupture of. 87 Bindweed family 955 Broom-rape 252, 063 


, rupture of. 87 Bindweed family 955 

, separation of outer Bipartite 372,454 

layers of 88 Bipin uate 152 

Bark-bread 1046 Bipinnatifid 147 

Bark, Peruvian 903 Bipiimatipartite 147 

, false.... 903 Biporose, opening by two 

. fever 903 round boles. 


fever 903 ( round boles. 

Barley 1142 | Bircli 1038 

Barosrna 828 | Bird-lime 899 

Barringtonie.ue 866 Bird-pepper 961 

Barry on Cell-formation... 22 Birthwort family 1009 


Bilocular 405, 440 Broom 850 

Bindweed family 955 Broom-rape 252, 963 

Bipartite 372, 454 Brucia ’ 947 

Bipinuate 152 Bruniacem 886 

Bipinnatifid 147 Brunoniacete 919 

Bipiimatipartite 147 Bryony 872 

Biporose, opening by two Bryophyllum 199,880 

round boles. * Buck-bean 949 


Birch 1038 Buck-eye 807 

Bird-lime 899 Buckthorn 841 

Bird-pepper 961 Bueku or Buehu 828 

Birthwort family 1009 Buck-wheat 991 


Basal, see Basilar. Biscuit-root 1078 Bud, leaf.. 

Bases, organic 321 Biserrate, doubly serrate, , flora 

Basidia 1122 the larger serratures Budding... 

Basil 967 being serrated, see 8er- Buds, late 

Basilar 451 rate. — — on It 

Bassia 937 Bistort 991 


Bassorin 303 

Bast or Bass 29, 788 

Bast-layer 83 

Batatas... 956 


Bitemate 154 

Bitter-Almond 855 

Bitter- Apple 872 

Bitter-Sweet 901 


Bay-Laurel 855 | Bivalvular 530 


Beaded vessels 37 Bixem 766 Burdock 916 

Beaked, having a long Black- A filer 841 Burgundy- pit eh 1040 

sharp point. Black-Bryony 1052 lluriti-palm 1086 

Bean 850 Bladder-nut 839 Burmamiiacen 1 1069 

Bean-caper 826 Bladder-8enna 850 Bursereu* 844 

Bearded 60 Bladder-wort 973 Bursicuia 1058 

Bebeeru .....994 Blade of leaf. 139 Bush, defined 68 

Beech 1639 Blanching 500, 690 Butea 850 


, floral 324 

Budding 181, 573 

Buds, latent 189 

— — on leaves 199 

Bull 1, scaly or naked 194 

solid J95 

tuuicttted 194 

Bulbils 198 

Biiiblets 198 

Bulrush tribe 1092 

Burdock.. 916 

Burgundy- pi tch 1046 

lluriti-palm 1086 

Burmamiiacen 1 1069 


Beech 1639 

Beech-drops 963 

Beet 987 

Beet-sugar 300 


Bell-shaped 386 

Belladonna 961 

Belvisiacefc 874 

Bengal Hemp 850 

Ben-nutP 853 

Bent or Marram 1103 


Bursicuia 1058 

Bush, defined 68 

Butea 850 


Blotting 566 ; Biumuamu 1089 

Blight 693,1126 Butter of Cacut 786 


Blood-root. 1071 


Begouiaeeie 992 I Boards for pressing plants 1205 


ol'Canaru 790 

Butterfly-weed 943 

380 Bohun-lJpas 1024 Butter-tree oi Bark 937 

961 Bole, the trunk of a tree. Butter-wort 973 

, 874 Bomhacea? 783 Byttncriaeeie 785 

850 Bombax 784 

853 Bones, as a manure 246 Babbage 762 

1103 Bonplandia 828 Cabbage-Balm 1086 


Benzoin 932 Borage 959 Cabbage-tree 850 

Berboridacea* 748 Jtoraginaeca* 958 Cable-cane 1080 


Berberry 


Barberry 


Burassineie 1085 | Cabombaccte 749 


family . 748 Borneo-Oamphor 790 


Borneo-Oamphor 790 ! Cacao-beans 786 

Botany, object delmod 1 Caetaeom 882 

, departments of..... 1 Begion of. 1155 

Bothrenchynia 10, 36 Cactus family 882 

Bottle-liourd 872 Caducous.... 366, 885 

Boucherie's method of pre- Cft salpiinea* 848 

serving timber 270, 699 Ca j spiu>se, growing in tufts. 

Box-tree 1620 Caffeine 905 


Bergamot 796 Botany, object delmctl 1 

Berried, see Baccate. , departments of..... 1 

Berry 550 Bothrenchynia 10, 36 

Betel-nut palm 1086 Bottle-liourd 872 

Betel or Betle-pepper 1034 Boucherie's method of pre- 

Betulinea* 1035 serving timber 270, 

Bhang 1022 Box-tree 1 

Bioornous, having two Brachyphyllum 1 

liom-like processes. Bract 324, 

Bidentate, having two Bracteole 

teeth. Bractlct 

Biennial 633, 713 Branches 

Bifarious, arranged in two Branching of trees 

rows. Branchlets or Twigs 

Bifid 372 Brassicacea; * 

Ri fori ties, ranhidian cells Brazil-nuts 


Brachyphyllum 1187 Cajepnt 

Bract 324, 844 Oa labash-tree. . 


Bracteole 333 CaJamites 1184 

Bractlct 333 Calamus 1086 

Branches 188 Calathilbrm, cui>-Khaped. 


Branching of trees 67 Calathium 336 

Branchlets or Twigs 188 Calcar 363 

Brassicacea;.......* 758 Calcarate. ,....363,376 

Brazil-nuts 867 Calceolaria,... 965 
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PARAGRAPH 


Ammoniaeum 891 

Amnios 463, 586 

Amniotic sac 504 

Ampelidea* 813 

Amphibious plants ,..1139 

Araphibrya 1049 

Amphigarmu or Ampiii- 

gonso ......1118 

Amphisarca, an indobis- 
eeut multiloeular fruit, 
like that of the Baobab. 

Amphitropsl ,....407, 603 

Amplexicaul 139 

Ampulla* 120, 164 

Amygdalew 854 

Amygdaline 310, 855 

Amylaceous, starchy. 

Amyridacom * 844 

1 l{<‘gioii of... 1155 

Anacardiacca} H12 

Anacyclus 917 

Anagallis 975 

Analogy 1 147 

Analysis of soils 238 

Anatuirta.. 747 

Ananas 1076 

Anastomosis, the union of 
veins. 

Anatomy, vegetable 1 

Auatropal 467, 584 

Auatropous 467 

Anceps, two-edgod. 

Audira 850 

Androocium 090 

Androgynous, inflores- 
cence consisting both of 
male and female flowers. 

Androplioiv. 399 

Anemonem 739 

Anothuni 892 

Anfractuose 4( Mi 

Angelica 890 

Angieuchyiim 28 

Angiosperma; 981 

Angiospcrmou.s 576 

Angustisepta) 760 

Angustura or Angostura 

bark 82S 

, False 947 

Anise . 892 

Anisostemonous 392 

Annotimus, a year old. 

Annual 633, 713 

Annular cells 11 

vessels 85 

Anrmlarift ..,.1180 

Annulate ferns. 1108 

Annulated root 123 

Anomalous, unusual. 

Anona<;ea> 744 

Anterior, applied to parts 

of the dower 357 

Authcmia * 917 

Anther 395, 402 

^ colour of 413 

f coverings of. 403 

dehiscence of,.,,... 410 


f development, of.... 4u4 

form of lobes of..,. 406 

— union of 417 


Anthericese 1077 


PARAGRAPH 


Antheridium 427, 492 

Authesls, opening of the 

dowers 354 

Anthocarpuus 538, 556 

Anth odi tun 336 

AnthotaXis 324 

Antiaris 1024 

Antioa* 412 

Antirrhiniuea: 964 

Antitropal... 603 

Aperispermie 605 

Apetalous 647 

AphyllantUouc 1077 

Apiacea: 888 

Apieilar 451 

Apicular 530 

Apiculato 528 

Apocarpous 434, 538 

Apoeyn acorn 944 

Apophysis 1 114 

Apothecia 1119 

Appendicular organs....... 57 

Appendiculate 888, 398 

Apple 855 

A ppressed h uts 60 

Apterous, without wing*. 

Aquatic plants 1139 

Aqui foil area* 934 

Aquilariaeea* 1003 

Arabi no 303 

A ran: to 1092 

Araliacea* 894 

Araucaria 1046 

Arau car ites 1184 

Arborescent 68 

Arbor- vibe 1046 

Arbutus 927 

Arehegonium 492 

Archil 1121 

Arctium 916 

Arctostaphylos.... 927 

Arcuate, curved like a bow. 

Ardisia 988 

Arura 1086 

Arecinem 1085 

Areolate, divided into dis- 
tinct angular spaces. 

Argo] 943 

AriJlode 581, 996 

Arillus 581 

ArinoH* 1092 

Arista, an av. u, as in 

grasses 1099 

Aristate 1099 

Aristolochiacea* ....1009 

Armeria 977 

Arnica 917 

Aruotto family 766 

Arracacha 890 

Arrow-root 1004 

, Brazilian 1020 

, spurious 10-18, 1062 

Artanthe 1084 

Artemisia 917 

Artichoke 916 

, Jerusalem, 917 

Artificial System 715 

Artocarpom 1021 

Asarabacea 1010 

Asarum 1010 

Ascending ovule 471 


PARAGRAPH 

Aacherson on Oy togenesis 22 


Ascidia..,. 164 

Asclepiadaeca? 942 

A seomycetes 1128 

Ascus ....459, 1119 

Ash 941 

Ashes of plants 220 

Bean, Fea, and 

Iiye-Grass 223 

Gate 223 

Wheat 223 

Asparageai 1077 

Asparagus ...1078 

Aspen 1036 

Asphodcleie 1077 

Assafcetida 891 

Asteracem 910 

Asters, Kegion of. 1155 

Astragalus 850 

Atherospennacofe 1029 

Atractfiicliyma 5 

Atriplex 987 

Atropa 961 

Atropia 961 

Atvopous or atropal 465 

Attar of Iioses 855 

Aucuba 896 

Anrantiacoe 795 

Auricula 975 

Anri dilate 150 

Autumn Crocus 1080 

Avollauo 998 

Aveuia 141 

Avocado Fear 994 

Awl-shaped, see Subulate. 
Awn, see Arista. 

A wned, see Allstate. 

Axe-sbaped 150 

Axial 602 

Axil 140 

Axile 410, 602 

Axillary 1 10, 160 

Axis, ascending 70 

descending 119 

floral 325 

Azote, source of 215 

Azotiz-ed matter in plants 311 

Products 310 

Azalea 927 

Babul-wood 852 

Bacca 550 

Baccate 550 

Balanophoracem 1012 

Balausta 550 

Balm 967 

Balm of Gilead 845 

Balsam, bursting of seed- 

vessel 27 

family 819 

of Copaiva 851 

of Peru 850 

of Tolu 850 

ofUmiri 810 

Balsamaceic 1035 

Balsaminaeea> 819 

Balsamodendron 846 

Balsams 318 

Bamboo 1102 

Banana 1066 

Bananas. Ketiion of. 1162 
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Bane-berry is Acts- a .... 

... 739 


... 998 

Banyan 

...1023 

Baobab 108, 7S4 

Iiarbadoes Cherry 

.. 804 

Barhadocs Gooseberry.. 

.. 883 


.. 68 

Bark 

72, 82 

, false, in Kndogens 

.. 92 

, functions of. 

.. 109 } 

, mode of its increase 86 

, rupture of. 

... 87 

, separation oi outer 

layers of. 

... 88 

Bark-bread 

...1046 

Bark, Peruvian 

... 903 


... 903 

— lever 

... 903 

Barley 

...1142 

Barosma. 

... 828 

Barringtoniete 

... 866 

Barry on Cell-formation... 22 

Basal, see Basilar. 


liases, organic 

.. 321 

Basidia..... 

..1122 

Basil 

.. 967 

Basilar 

451 

Bassta 

.. 937 

Bassorin 

.. 303 

Bast or Bass 

>9, 7KS 

Bast-layer 

.. 83 

Batatas 

.. 956 

Bay-Laurel 

., 855 

Beaded vessels 

.. 37 

Beaked, having a long 

sharp point. 


Bean 

... 850 

Bean-caper 

... 826 

Bearded 

... 60 


... 994 

Beech 

...1039 

Beech-drops 

... 963 


... 987 

Beet-sugar 

... 306 

Begoniacea* 

... 992 

Bell-shaped 

... .‘180 

Belladonna 

... 961 

Belvisiacea! 

... 874 

Bengal lieiup 

... 850 


... 853 

Bent or Marram 

...1103 

Benzoin 

... 932 

Berberidacett' 

... 748 

Berberry or Barberry 

family 

.... 748 

Bergamot 

.... 796 

Berried, see Baccate. 


Berry 

.... 550 

Betel-nut palm 

....1086 

Betel or Betle-pepper.. 

....1034 

Rfitiilinem 

....1035 

Bhang 

....1022 


Bicomous, having 1 two 
horn-like processes. 


Ridentatc, 

having two 

teeth. 

Biennial.... 

633, 713 

Bifarious. arranged in two 

rows. 


Bifid 



Biforines. ranhidian cells 
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with apertures at each 


end, 

Bifurcate » 406 

lHgnoniaccai 060 

Bijugate 153 

Bikh 740 

Bilabiate 382 

Bilainollar 457 

Bilateral 456 

Bi limbi fruit... 821 

Bilocular 405, 440 

Bindweed family 055 

Bipartite 372, 454 

Bipimiate 152 

Bipiunatifid 147 

Bipirmatipartite 147 

lliporose, opening by two 
round holes. 

Birch 1038 

Bird-lime 809 

Bird-pepper... 061 

Birthwort family 1000 

Biscuit-root. 1078 

Biserrate, doubly serrate, 


the larger ho mitt ires 
being serrated, see Ser- 


rate. 

Bistort 001 

Biteruate 154 

Bitier-Aimond 855 

Bitter-Apple 872 

Bitter-Sweet. 001 

Bi valvular 530 

Itixea* 766 

Black-Alder 841 

Black- Bryony 1052 j 

Bladder-nut 830 ! 

Bladder-Senna 850 

Bladder-wort 073 

Blade of leaf. 130 

Blanching .300, 600 

Blotting 566 

Blight 603, 1126 

Blood-root 1071 

Boards tor pressing plants 1205 

Bohun-TJ pas.. 1024 

Bole, the trunk of a tree. 

Boinhacea; 783 

Bomhax 78-4 

Bones, as a manure 246 

Bonplandia 828 

Borage 050 

BoraginaceiC 958 

Bomssirioa? 1085 

Borneo-C ampli or 700 

Botany , obj ect d elme.d 1 

, departments of..... 1 

Bothrenohjina 10, 36 

Bottle -Gourd 872 

Bouclierie’s method of pre- 
serving timber 270, 690 

Box-tree 1020 

Brachypliylluiu 1187 

Bract ...324, 344 

Bracteolc 

Bractlet 333 

Branches 188 

Branching of trees 67 

Branchtats or Twigs 188 

Brassicaecfli.. 768 

Brazil-nuts 867 
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Brazil-wood 851 

Bread-fruit. 1024 

Bread -tree 1048 

Brexiaccsn 824 

Bristles 67 

Britain, Flora of. ....1166 

British plants, distribution 

ot 116.3 

Brocoli 762 

Bromeliacca* 1075 

Broom 850 

Broom -rape 252, 963 

Brucia 947 

Bruniacctn 886 

Brunnniaftca* 919 

Bryony 872 

Bryopliyllum 199, 880 

Buck-beau 949 

Buck-eye 807 

Buckthorn 841 

Bucku or Buchu 828 

Buck-wheat 991 

Bud, leaf 180 

, floral 324 

Budding 181, 673 

Buds, latent 189 

on leaves. 199 

Bull), scaly or naked 194 

solid 195 

tiuiicateu 194 

Bulbils 198 

Bulb lets 198 

Bulrush tribe 1092 

Burdock 916 

Burgundy-pitch 1046 

Buriti-paim 1086 

Burma] iiiiacea’ 1069 

Burse tm* 844 

Bursieula 1058 

Bush, defined 68 

Bit tea 850 

; Butonmcea'..... 1089 

Butter of Cacao 786 

of Canara 790 

Butterfly-weed 943 

Butter-tree ot Bark 937 

Butter- wort 973 

Byttneriaceie 78& 

Cabbage 702 

Cabbage-Palm 1086 

Cabbage-tree 850 

Cable-cane *086 

( Jabomhaceie 749 

Cacao-beans 786 

Oactaceat 88*2 

Region of. 1156 

Cactus family 882 

Caducous., 366, 385 

Cavsal pinion* 848 

Cirspitose, growing in tufts. 

Caffeine 905 

Cajeput 807 

Calabash-tree 961 

Calamites.... 1184 

Calamus 1086 

( -alath ifo rm, cup-shaped, 

Galathiuiu 336 

Calcar 86.3 

Calcarate .363, 375 

Calceolaria 965 
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Orassulaceie 


Cremocarp 

...633, 543 

Crenate 


Crescentie® 


Tress 


Cress-wort family.... 


Crested 


Crisp 

. 150, 374 

Cristate, see Crested. 

Crocus 

1063 

Croton-oil 

1019 

Orowberry 

1015 

Crowfoot family 


( lrown-1 imperial 

1078 

Crown of the root 

70 

Crucifers* 


Region of..... 

1155 

Cruciform or Cruciate 


878 

( 'ryptogamic Reproduction 492 

< iryptogamouK plants, 323, 1104 

, Region of.. 


Crystals in cells 

16 

Cubebin 



1034 

Cuckow-piut 


Cucullate, like a hood. 

Cucumber 


Cucumites 


Cucurbitacc® 


( hidbear 

1121 

Culm 


Cultivation, its effects on 

flowers, &c 


Cumin 

892 

Cuneate 


Cunonie® 

885 

Cupanoides 


Cupressine® 


Cupula 


Cupulifer® 


Curcuma 


Curled 

150 

Currant 


Currant of Australia. 


( ,‘urvembry® 


Cuscuteu) 


Cuspidate 


Cuspis 


Custard-apple 

745 

Cutch, same as Catechu. ! 

< ‘uticle 

45 


RfiO 

Cyanic series of colours... 679 

Cycadacc® 



1187 

Cycadites 

1187 

Cvclamen 


Cyclanthe® 

1090 

Cycle 

171 

Cyclogens 

77 

Cydosis 

.261, 262 

Cylindrenchyma 

5 

Cylindrical 


Ovmbiform 

373 

Cyme 

339 

Cymose ....... 

339 

Cynarocephaite 

.912, 914 

Cynarrhodum 

541 

Cyperace® 

1097 

Cypress 

1046 
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Cypsela 642 

Cyrtandreau 960 

Oystidia 1122 

Cysts 20 

Cytinace® 1012 

Cytoblast 22 

Cytoblastema 14 

Cytokinesis 22, 25 

Dadoxyion .....1184 

Drndalencliyma 6 

Daffodil 1073 

Dahlia 655 

Dautmara 1046 

Daimw 1109 

Dandelion 918 

Daphne 1002 

Daphne® 1001 

Darnd-grass 1103 

1 >ate-palm 1086 

Date-plum 933 

Datiscaee® 1014 

Datura 961 

Day-lily 1078 | 

Deadty-nightshade 961 

Do Candolle’s System 728 

Decandrous.. 391 1 

Deciduous 366, 385 

Deciduous Trees 205 

Declinate 420 

Decompound 152 

Decurrent 163 

Decussate 169 

Deduplication 383, 654 

Definite Inflorescence 338 

Ovules 472 


vascular buudl es. . . 91 

Defoliation, the fall of 
leaves. 

Degeneration of Organs... 651 
Dehiscence 410, 630, 632 


Dehiscent fruits... .530, 632, 546 

Delphinium 740 

Dentate 146 

Deodar ....1046 

Deposits in cells 15 

Depressed, flattened from 
above downwards. 

Desmidiea' 1128 

Desmodium, Movements 

of 663 

Dextrin 302 

Dhak-treo 850 

Diachmnium 54.3 

Diaehyma 137 

Diadeiphous 399 

Dialycarpous 638 


Dialypetalous, same ns 
Polypetalous. 
Dialyphyllous, same ay 
Polysepalous. 

Diandrous 394 

Diapcnsie® 954 

Diastase 307, 310, 621 

Diataxis 704 

Diatomacete 1128 

Dichlamydeous . 351 

Dichotomous 99, 338 

Diclinous 388, 648 

Dicotyledonos 736 

Dicotyledonous.... 71, 690 
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Dictyogen® 101, 1060 

Didymocarpe® 960 

Didyraous, two united, 
twin. 

Didynamous 419 

Digestion of plants 283 

Digger 1203 

Digitaliform 380 

Digitalin 965 

Digitalis 965 

Digitate 148 

Digiti-partite 148 

Digynous, having 2 styles. 

Dilamination 383 

Dill 892 

Dillemaeete 741 

Diluvial 1189 

Dimerous 643 

Dimidiate 1114 

Dinomic 1151 

Dioecious -389, 648, 713 

Diomva 664, 771 

I )ioBcoreacom 1051 

Diosmefu 827 

Dipctalons 375 

Diplecolobe® 759 

Diploe 1,37 

Diplostemonous 892 

Dipsacace® 908 

Dipterocarpace® 789 

Dipterous, having 2 wings. 

Disa 1058 

Dischidia 943 

Disciform 75 

Discoid 76, 911 

Discostate 144 

Discs 30 

Diseases of plants 689 

prevention of. 699 


caused by insects 700 

Disk 428 

Dispermous, two-seeded. 

Dissected 148 

Dissemination of plants. ..1142 

agents employed... 1142 

Dissepiment 439 

spurious 447 

Dissilient 538 

Distachyon, having two 
spikes. 

Distichous 170 

DistractiJe 409 

Distribution of plants over 

the globe 1146 

endemic 1143 

Dithocal 405 

Dittany 828 

Divergent 359 

Divi-divi 851 

Divisions of Vegetable 

Kingdom 723 

Dodder 262, 956 

Dodecahedral 6 

Dodecandrous 394 

Dogbane family 944 

Dog-tooth Violet 1078 

Dolabriform 150 

Doom-palm 99, 1086 

Dorsal suture 438 

Dorsiferous ferns 1108 
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Dorstenia 1023 

Dotted cells 11 

vessels . 35 

Double coco-nut 1080 

Doublet 1102 

Downy, see Pubescent. 

Dractena 1078 

Dragon’ s-blood 1 086 

Draining 016 

Drifted plants 1186 

Drimys 743 

Droseracece 770 

Drupaceie 854 

Drupe 645 

Drupels 545 

Drying plants 1206 

Dry-rot 697, 1120 

Duckweed .....1093 

Ducts, closed 34 

Dulcamara 961 

Dulse 1130 

Dumb-cane 1093 

Dumose 08 

Durnus 68 

Durability of heartwood... 78 

Duramen 7S 

Durian 784 

Durmast 1039 

Durra 11O0 

Dust-brand 694 

Dutch Reed 226 

Dutch Rushes 1107 

Dwale 961 

Eagle- wood 1003 

Eorcockies 700 

Earth-nut, or Pig-nut 890 

Ebenacefe 933 

Ebony 78, a r >0, 933 

Ebracteated 346 

Egg-apple 961 

Ehretiea? 968 

Elseagnaceje 999 

Elfcocarpeft*. 787 

Elaiodendrem 837 

Elaterium 872 

bursting of cap- 
sule of, 27 

Elaters 1116 

Elatinacea' 777 

Elder 901 

Elecampane 917 

Electricity in germina- 
tion 614 

Elemi 845 

Elephant' s-foot 1062 

Ellipsoidal.... 6 

Elliptical 160 

Elm 1022 

Emarginate 160, 372 

Embryo, acotyledonous.... 591 
— — , development of..... 602 

, dicotyledonous 697 

■ , direction of its 

parts during germina- 
tion 624 

, formation of. 686 

, growth of. 622 


monocotyledonous 595 
parts of ...590, 592, 593 
polycotyledonous 498 


PARAGRAPH 

Embryo, position in the 

seed 603 

, pseudo-inonocoty- 

ledonous 498 

Embryo, fixed 181 

Embryo-buds 196 

Embryo-sac 463 

Embryology 501 

Embryonic vesicle 507 

Embryotega 583 

Kmetin 769, 904 

Empetracem 1015 

Emtilsino 310. 855 

Endemic distribution of 

plants 1145 

Endive 918 

Endlicher's Bystem 730 

Endocarp 524 

Endochrome 493 

Endogeme 1049 

Endogonitcs 1187 

Endogenous, or monoeoty- 
ledonous stem....,.71, 91, 94, 
107 

anomalous 101 

branching 99 

, subterranean.. 100 

Kndophheum 82, 83 

Endoplcura 578, 580 

Emloi'hizal 127, 628 

Endosmometcr 254 

Endosmose 27, 264, 255 

Endosperm 587 

Eudospermic 587 

Endostome 464 

Endothecium 402 

Enervis, without veins. 

Enncandrous 394 

Ennobling fruit-trees....... 574 

Eusiform.. 150 

Entangled 6 

Entire 146 

Entophytic 6% 

Envelopes of the flower.... 351 

Eocene 1176 

Epacridacefe 929 

, Region of. 1155 

Epiblema 47, 120 

Epicalyx 364 

Epicarp 624 

Epichiliwn 1058 

Epidermis...., 45 

, appendages of... 57 

, ceils of 48 

, colour of. 49 

1 functions of. 64 

, papilla 1 of. 57 

, silica in 49 

, texture of. 49 

f W ax on 49 

Epigeal 629 

Epigynous 390, 449 

Epipetalous 390 

Epiphloeum 82, 86 

Epipbragm 1114 

Epiphy lions, growing on a 
leaf. 

Epiphytes 121, 251, 1139 

Epipolic 281 

Epirrheology 1132, 1134 

Episperm 578. 579 


1\A RAOll APH 

Epispore, tlie outer cover- 
ing of some spores. 

Epithelial 463 

Epithelium 431 

Equal..... 146 

Equisetaceae 1106 

Equiseturo, fossil. ...1187 

silica in 226 


Equitant 186 

Erect 408 

, ovule 471 

Ergot 696, 1103, 1126 

Ericacea* 926 

Kriocaulon 1095 

Eriogonere. 990 

Erose, bitten, gnawed, or 
irregularly toothed. 

Erythrophylle 675 

Erytliroxyiacerc 802 

Escallonieee 885 

>, Region of 1155 


Esckschoitzia 366, 76 6 

Essences 317 

Essential organs of the 

flower 351 

Etrerio 545 

Etiolation 300 

Eucalypti, Region of., ...... .1155 

Eucalyptus 867 

Euouymem 837 

Euonymus 838 

Euphorbiaccie 1016 

Euphorbinm 1018 

Evening Primrose 868 

Evergreen Oak, 1039 

Ex albuminous 588 

Exannulate Ferns 1108 

ICxcentrie 608 

Excurrent, running out be- 
yond the edge or point. 

Exhalation 203 

Exintine 422 

Exogeum 736 

Exogenous stem 71 

Exogonium 956 

F.xorhizal 126, 629 

Exosmose 27 

Exostemma 903 

Exostome 464 

Exothecium 402 

Expansion of flowers 331 

— , centrifugal 382 

•, centripetal 381 


Exserted 417 

Exstipulate 158 

Extine 422 

Extra-axillary 197 

Extrarius 602 

Extrorse 412 

Eye-biight 965 

Eye-picce U94 

Eyes of potato........ 70 

Fabacese 847 

Fairy Rings 1125 

Falcate or falciform, bent 
like a sickle. 

Fall of the leaf. 205 

False-bark 92 

Tracheae 35 

Falselv-discoid 911 
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Falsely-radiate 911 

Fan-Palm is Corypha. 

Farinaceous . 588 

Fasciated 197, 327 

Fascicle 339 

PARAGRAPH I 

Floral calendar 481 

— — clock or watch 483 

Floral Envelopes....... 351 

, development of 386 

, functions of. 47.3 

Fasciculate 176 

Fasciculated 114, 125 

Fasciculation of branches 190 

Fastigiate, having a pyra- 
midal form. 

Faux 377 

Florets 382 

Florideae 1128 

Flosculous 911 

Flower 850 

, position of its parts.. 357 

Feather-grass, is Stipa 
pennata. 

Feather-veined 144 

Feathery 365 

Fecundation 496 

Fecula, see Starch. 

Fenestrate 138, 555 

Fennel 890, 892 

Fenugreek, a species of 
Trigonella. 

Ferns 1108 

■ r fossil 1180 

Flowering, period of 478 

, mode of accelerate 

ing 479 

Flowering-ash 941 

Flowering plants 323 

Flowering-rush 1089 

Flowcrless plants 323 

Fluids of plants, special 

movements of 275 

Foliaceous 359 

Foliola 145, 151, 358 

Follicle 547 

during coal epoch.. .1185 

Fertile flowers 6*19 

Fertilization 496 

Fescue-grass 1100 

Feverfew 917 

Fibre in cells 1 1 

in spiral vessels 34 

, woodv 29 

Fibrine, vegetable 310 

Fibrous cells 11 

root 125 

Fool’s Parsley 893 

Foramen 461 

Forked 406 

Fossil Botany 1170 

Fossil plants 1170 

•, their structure 1171 

, state of preservation 1171 

, arrangement of 1172, 1173 

, their number 1177 

, of Carboniferous sys- 

Fibro-cellular Tissue 11 

Fibro- vascular Tissue 31 

Fieoideaa 881 

, of Secondary strata..ll87 

, of Tertiary strata... .1188 

ifo»vvn u 1175 

Ficus 1023 

F,ti > lkirlrliin_fi^6t 7Uf! 1 

. Region of. 1162 

Fiddle-shaped, see Fan- 
duriform. 

Fidus, cleft. 

Field-book 1203 

Fig 1023 

1 Forget-me-not 959 j 

Foveate or Foveolate, 
having small pits or 
depressions. ! 

Fovillu 423 i 

— - — . imp,, 5114 i 

Fig-w*»rt 965 

Filament 395 

, adhesion of 399 

, form and structure 396 

Filbert, see Hazel. 

Fllic.es 1108 

Filiform, thread-like 453 

Fimbriated 372 

Firs 1046 

Fissi parous 49.3 

Foxglove 965 

Franeoeas 880 ! 

Fran ken ince® 770 ! 

Frankincense. 1046 i 

Fraxinea* 940 , 

French Berries 841 

Friar’ s-halsam 932 

Fringed 872 ; 

Fritillarv 1078 

rViit'hit. fnniily 

Fistular 164 

Flabellaria 1184 

Flabelliform, fan-sbaped. 
Flacourtiaeeie 766 

Frond 1108 

Fructification, the, parts 
composing the fruit. 

Fruit 520 

Flagellum 191 

Flax 29, 818 

— — , New Zealand 29 

, Pita 29 

Fleshy 588 

Flextious, bent in a zig- 
zag manner. 

Flocci, woolly filaments 
with sporules in fungi. 
Floccose, covered with 
wool-like tufts. 

Floral axes... 325. 327 

, changes during its 

formation 522 

, parts which form it 520, 

627 

, maturation of 661 

, how accelerated 568 

Fruits, analysis of. 566 

, arrangement of. 560 

, preserved I2u9 

Frutex, shrub 68 

Fruticose 08 

Fucaceae 1128 
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Fuchsia 868 

Fuller’s Teazel ; 908 

Fulvous, tawny-yellow. 

Fumariaceie 757 

Fumitory family 757 

Fung! 1122 

causing diseases 1126 

, edible 1124 

in cutaneous disease..ll26 

on caterpillars 1126 

, phosphorescent 1125 

, poisonous 1124 

Fungus melitensis 1013 

Funiculus 462 


Funnel-shaped, see liifun- 
dibuliform. 

Furcate, forked. 
Furfuraceous, scurfy or 


scaly. 

Fusiform 5, 29, 124 

Fustic 1023 

Galacicec 880 

Galactodeiidron 1024 

Galatigalc ..1062 

Galatithus, Snow-drop 1072 

Galbanum 891 

Galhulus 559 

Gale 1037 

Galeato 361 

(Julies' 902 

Galipca... H28 

Galls 701, 1039 

(Jama-grass 1100 

Gamass or Sipumasli 1078 

Gambeer 905 

Gamboge, 799 

Gnmogastrous 435 

Gainopo talons 376, 380 

Gamophy lions 358 

Gamosepalous 358 

Gangrene 692 

Garlic 1078 

Garryacem ..1042 

Gases, their effects 292 

, irritant 293 

, narcotic 293 

Gasteromycetes 1 123 

Gasterothal an iea\ 1120 

Geissolomctn 1000 


Geminate, twin, lb avers 
or leaves produced in 


pairs. 

Gemmoi, leaf-buds. 

Gemmation 184 

Geramule 590, 593 

Genera, defined 708 

Geniculate 397 

Gentianaccee 948 

Gentian 949 

Geo-Botany 1170 

Gcoffroya 850 

Geography of plants 1131 

—Influence, of external 

agents on... 1132 

of temperature.,,1135 

of moisture*. .1188 

Geraniacea* 815 

Germeu 429 

Germinal vesicle. 510 

Germination 608 
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G^rmiu&tion, acotj lodon- 


ous.... . 629 ! 

, chemical changes 

during . 621 

, dicotyledon out; 629 

, length of time re- 
quired for... 032 

monocotyledon* 

ous 027 

, progress of 022 

, requisites for 008 

Gesner&cea^ 925 

Gibbous 373 

Gillieshimc 1081 

Gills 1122 

Ginger 1062 

Ginko 1040 

Ginseng 895 

Glalmms . 00 

Glands 02 

— , lenticular 08 

, nectariferous 63 

, sessile C2 

, stalked 62 

, vesicular 03 

Glandular hairs 61, 62 

Glandular woody tissue... 30 

Gians 544 

Glaucous, covered with a 
pale green bloom. 

G lobe-amaran th 985 

Globule, in Ohara 427 

Glochidiate 58 

Glomerulus 330 

Glossology 704 

Glucose 807 

Glumacco 1 1096 

Giumolhe 1099 

GlumellulH? 1099 

Glumes 349 

Gluten 810 

Glycyrrhiza 850 

Gnetaceu'. 1045 

Goldfussia 971 

Gongyli 1119 

Gonidia 1119 

Goodeniacea* 920 

GooselMirry 884 

Gossypium 782 

Gourd 872 

Graft 509 

Grafting 569 

, views of Knight 

regarding 571 

1 different kinds of, 

572, 573 

, its effects 574 

Grains, cereal 1300 

Grains of Paradise 1062 

Gramineie,... 1099 

Grape-sugar 307, 814 

Grasses 1099 

, Region of.... 1161 

for pasture 1100 

fistular stem of.... 99 

Grass of Parnassus 771 

Grass-tree.. 1078 

Green colour, effects of 

light on......... 672 

Green colouring matter of 
Blants....... 19 
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Greenheart-tree 994 

Green snow 1129 

Greffe des Charlatans 569 

Grenadilla 876 

Grevillea 998 

Grossulariacete 884 

Ground-nut. 850 

Guaco 917 

Guaiacum 826 

Guano 243 

, analysis of different 

kinds 244 

, British 245 

Guarana 807 

Guava...., 867 

Gueldres Rose 901 

Guernsey Lily, is Nerine 

SRrniensis 1073 

Gulfweed 1129 

Gum 303 

Gum-Arabic 852 

Gum-Dragon... 850 

Gum-lac 850 

Gum-tree ot New Hol- 
land 867 

Gunjah 1022 

Gutta pcrcha ....319, 937 

Guttifem 798 

(iymnogens 732 

Gymnospernw 1043 

GynmospermouR 576 

Gynandrous 400 

Gynizus 4:33, 458 

Gynobase 452 

Gyncecium 429 

Gynopliore. 437 

Gynostegium 942 

Gynosteniium 400 

Gyrate 340 

Gyration 275 

Gymcarpem 862 

Gyrogonit.es 1189 

Habitat 713 

llfumatoxylon 551 

ILemodoracea*. 1070 

1 lairs 57 

, circulation in 64 

-, collecting 59, 64 

, enrol line 61 

of cotton 59 i 

• of cow itcli 58 

, functions of. 64 

, glandular 61 

, irritable 58 

, irritant 58 

, lymphatic 61 

pet aline 370 

, radical 61 

, rameutaceous 57 

, retractile 69 

Hairy . 64) 

Halbert-shaped 150 

Half-equitant 186 

Halophytes ....228, 987 

Halorageaceie 869 

Hamamclidacem 887 

Hand-plant 784 

Hare-bell family 922 

Hare’s-foot fern 1110 

Haschisch ...1022 


PARAGRAPH 


Hastate 150, 374 

Haulm, dead stems of 
herbs, as of the potato. 

Hazel 1039 

Heart-shaped 150, 374 

Heart’s-ease 769 

Heart-wood 78 

Heat during flowering 475 

Heath 927 

Heather 927 

Hebradendron 799 

Hedge-hyssop 965 

llclicoidal 340 

Ilelicterea?.. 783 

Heliotrope 959 

Heliotropicte 958 

Hellebore, white 1080 

Hellebores 739 

Hellebores 740 

Ilelwingiacete .1042 

Heraerocallidoa' 1077 

Hemicarp 643 

HemidesinitB 943 

Hemlock 893 

Hemp 1022 

fibres of. 29 

, Indian 1022 

Henbane 961 

Honfrey on Cytogenesis... 23 

Henna..... 858 

1 Leri slow’s comparative 
view of different natural 

systems 734 

Hepaticm 1116 

Hoptandrous 394 

Herbaceous 359 

Herbarium 1208 

Herbs, defined 68 

Hermaphrodite 388, 713 

Hemandiene 1001 

llesperidium 552 

lleterocophalous 911, 914 

lioterochromous 910 

Ileterodromous... 173 

Heterogamous 1)11, 914 

Heterorhizal 128, 029 

Hoterotropal 467 

Hexagonal 6 

Hexagoniencliyma 5 

Ilexandrous 394 

IJexapct&lous, with six 
peials. 

Hiatus 381 

Hibernacula 182 

llibisee;p 781 

IHckory-nut, 1041 

High tea 1189 

Hi 1 urn 462, 583 

Hippocrateacea* 801 

Hirsute 60 

Hirtns 80 

Hispid 60 

Histology 1199 

Hog-plum 843 

Holly 985 

: Hollyhock 782 

Homaliacese *,1006 

Homochromous 9l8 

Homodromons 173 

Homogamous... 911, 914 

Homotropal 603 
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Honeysuckle 901 

Hooded, see Oucullate. 

Hooked 68 

Hop 1022 

Horehound.... 907 

Hornbeam 1039 

Hornwort family 1025 

Horse-chesnut . 807 

Horse-radish 7C2 

Horse-radish tree 853 

Horse-tail family 1106 

Hortus siccus, same as 
Herbarium. 

Hottentot’s fig 881 

Houseleek 880 

Hoya 943 

Huanuco-bark 903 

liumifuse, spreading along 
tbe ground. 

Hum ulus. ..,.1022 

Humus 212, 234 

Hungarian balsam 1046 

Hura 1018 

llya-bya 945 

Hyacinth 1078 

Hyaline of Harry ....16, 22 

Hybridization, as regards 

limitation of species 519 

Hybrids, production of.... 516 

Hydrangea? 885 

Hydrocharidaccie 1057 

Hydrogen in plants 214 

, sources of, 214 

Hydrophyllacem 954 

Hymenium ... 1122 

Hymenomy cotes 1123 

Hymenophyllea; 1109 

H ymenot halameie 1120 

Hyoseyamia 9G1 

Hyovscyamus 961 

Hypanthodium 336 

Hypericacea* 797 

Hyphomycetes 1123 

Hypocarpogean 607 

Hypochilium 1058 

Hypocraterifonn 380 

Hypogeal 629 

Hypogvnous 390 

Hypoxidacea? 1074 

Hypsometrical 1137 

Hyssop 967 

Hyssop of the Bible 764 

Iceland Moss..... 1121 

Ice plant 881 

Icosandrous, haring twenty 
stamens. 

Idiothalamece 1120 

Ignatia 947 

Illcinefo 934 

Illecebrea* 879 

Illicium 743 

Imbricated 183, 355 

Imbricated vernation 1S6 

Impari-pinnate. 153 

Impregnation, various 

Views of.., 503 

, snmmary of opi- 
nions regarding 515 

Inarching 573 

Included 417 


PARAGRAPH 


Incumbent 601 

Indefinite, 00 , or oc 472, 713 

Indefinite inflorescence.... 333 
vascular bun- 
dles 77 

Indelnscent fruits 530, 550 

Indian Cress 822 

I ndian-Fig family 882 

Indian Hemp 1022 

Indian-Uubbur, see Caou- 
tchouc. 

Indian Shot 1064 

Indian Tobacco v . 924 

Indigenous, a nativo of a 
country. 

Indigo 850 

Induplicate 186, 354 

ludusiuin 1108 

Tncnchyma, 11 

Inferior, applied to parts 

of the flower 357 

Inflated 367 

Inflorescence or antho- 
taxis 324 


, compound 332 

, determinate, defi- 
nite, or terminal. 332 

, indeterminate, in- 
definite, or axillary, 331, 333 

, mixed 341 

, simple 331 

, tabular view of... 343 

Infundibuliform 880 

Innate j 408 

Innovations, young shoots 

in mosses 1114 

Inorganic constituents of 

plants 219 

, mode of ascertain- 
ing their amount 220 

Inorganic Elements 208 

— — f tabu- 
lar view of. 221 

Inorganic matters, how 

absorbed 230 

Insects causing disease... 700 
Integer, see Entire. 

Integument, general 45 

Intercellular passages or 
canals 12 


spaces 12 

Interfoliar 160 

Interuodcs. 67, 169 

Interpetiolary 160 

Interruptedly pinnate 153 

Intextine 422 

Intine 422 

Intrarius 602 

Introrse 412 

Imiline 302, 917 

Inverted ovule 471 

Jnvolucel 347 

Involucre, general........... 347 

, partial 347 

Involute 185 

Iodine in plants 228 

, action on proto- 
plasm 14 

on cell-walls, 

2, 14 

on starch.... 17 
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Ipecacuan 904 

Iridacea? ..1067 

Irish Moss 1180 

Irritability 656 

Irritable hairs 58 

Irritant hairs 58 

Iron in plants 229 

Iron-wood 933 

Isochoimonal 1136 

Isoetes 1112 

Isomeric 309 

I some rous, parts equal, 

Isotheral 1136 

Isothermal., 1136 

Jsostemonous 392 

Ivory Palm 1086 

Ivy 895 

Jack fruit 1024 

Jagery 1086 

Jalap 956 

Jamaica Pepper 867 

Janipha 1020 

Jasminaeete 939 

Jasmine 939 

Jatropha 1019 

Jerusalem artichoke... 917 

Jessamine 939 

Jesuit’s bark 908 

Jesuit’s drops 932 

Jews-mallow 788 

Job’s-tears 1103 

Jonquille 1073 

J uglandaceo? .1040 

Juguni, a pair of leaflets. 

Jujube 841 

Juncacea*. 1084 

Juncaginem 1088 

J ungermaiiniete 1117 

Juniper 1046 

Jussieu’s system 727 

Kalumba, see Calumba. 

K angaroo-grass 1100 

Kava... 1034 

K awrie-tree 1046 

Keel 879 

Keg-fig 933 

Kidney-shaped, see lieni- 
lbrm. 

Kino 850 

Kirschenwasser 855 

Knee-jointed, see Genicu- 
late. 

Knots or excrescences on 

stems 196 

f how formed... 200 

Knot-wort family 879 

Koochla 947 

Krameria 773 

Labellum, lip 379 

Labia 381 

Labiates 966 

, Region of. 1155 

Labiate 362,381 

Labiatiflora? 913, 914 

Laburnum 850 

Lace-bark... *...83, 1002 

Lacinia? 362 

Laciniated 147. 872 
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Lacistemace® ....1030 

Lacmus, same as Litmus. 

Lacquer 813 

Lactescent, yielding milky 
juice. 

Lactucarium 918 

Lacunas 12, 138 

Ladaiuim or Labdanum... 767 
Loevigatus, having a smooth 
polished appearance. 

Lagerstromieie 857 

Lamb’s-lettuce 907 

Lamella) 457 

Lamollffior gills 1122 

Lamiaceec 966 

Lamina.. 307 

Laminar merithal 139 

Lanceolate 150 

Lancewood 745 

Langsat 810 

Lan-lioa 941 

Lanuginous, woolly. 

Larch 1046 

Larkspur, is Delphinium 731) 

Lastrea 1110 

Lateral 357, 451 

Latex 38,41 

Lath ram 963 

Laticiferous vessels 38, 261 

Latisepto 760 

Lauracea^ 993 

, Region of. 1102 

Laurel 994 

Laurocerasus 855 

Lavender 967 

Laver 1130 

Layering 191 

Leaf-buds 180 

, adventitious or 

abnormal ., 196 

, aerial 193 

— , axillary 187 

1 extra-axillary... 196 

— naked 183 

, terminal 187 

Leaflets, see Eoliola. 

Leaf-staJks 155 

Leather-wood 1002 

Leaves 133 

anatomy off. 137 

, anomalous forms 

of 162 

, arrangement on 

the stem 169 

, cauline 168 

, compound 151 

f deciduous 140 

, divergence of. 171 

effects on the air 284 

evergreen 140 

, fall of. 205 

•, flstular 164 

, floral 168, 324 

, forms of 145 

, functions of....,..., 203 


> in acotyledons.... 167 

in monocotyledons 166 

, in dicotyledons.... 165 

influence on the 


circulation 271 

— t primordial 168 
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Leaves, radical 168 

, ramal 168 

— , seminal 168 

, simple 145 

*, skeleton 135 

, spiral arrangement 170 

, submerged 138 

, useful in forming 

wood... 117 

Lecotropal 466 

Lecythideie 860 

Leechee, see Litchi. 

Leek 1078 

Legume 548 

Legumiue 310 

Leguminosie 8*17 

, geographi- 
cal distribution of. 848 

Lemon 796 

Lem< ni-gi’EBS 1 102 

Lenses 1192 

Le.ntibiilariacew 972 

Lenticels 63 

Lenticular glands 63 

Leopard Vbane 917 

Lepidocaryine® 1 085 

Lepidodemlron 1181 

Lepidophyllum 1181 

Leptospermow 866 

Lepidostrolms 11 81 

Lepidote, scaly 57 

Lepis, a scale 57 

Letter- wood 1024 

Lettuce 918 

Lianas, or Lianes 66 

Lichcnos 1119 

Licheniu 302, 1121 

Lichens 1119 

, Region of. 1162 

Lid, see Operculum. 
Lioberkuhn 1199 


Life of plants, its dura- 
tion 633 

Light, as affecting plants 1140 

, effects on flowers... 486 

, effects on respira- 
tion..,,...... 284 

• , effects of different 

rays 290 

, effects of different 

rays on the colour of 

plants 672, 673 

Lign-aloes 1003 

Ligneous tissue 29 

Lignine 15, 308 

Lignum-vitae, same as 

Guaiacum. 

Ligulate 382, 911 

Ligule 161 

Ligulifloree 913 

Lilac 941 

Liliaceae 1077 

Lilium 1078 

Lily of the Valley tribe... 1077 

Limb of leaf. 139 

—petal...... 370 

Lime-fruit 796 

Lime in plants 227 

In soils 237 


T phosphate of, as a 

manure 246 


PARAGRAPH 


Lime-tree family 787 

Linacece ! 817 

Linaria 963 

Linden-tree. 788 

Lindley’s system 731 

Linear 150, 374 

Linen.... 29 

Ling 927 

Limuea 901 

Liniiaean system 715 

: f im- 
perfections 718 

Linseed 818 

Lip 379 

Liquidambar 1037 

Liquorice 850 

LireUne 1119 

Litchi fruit 807 

Litmus 1121 

Lizard’ s-tail family 1032 

Loasucese 870 

Lobed 128 

Loboliacea* 923 

Localities or stations ot 

plants 1139 

Loculaments 440 

Loculicidal 532 

Locust-tree 850, 851 

Locusta 834 

Lodicultti ,1<)99 

Loganiaco® 946 

Logwood 851 

Lomentace® 760 

Lomentaceous..... 548 

Lomentum 548 

Longan fruit 807 

Louicere® 900 

Loosestrife 858 

Loquat 855 

Loranthacea* 898 

Lorica, same as Testa. 

Lotus 841 

Lotus of Egypt 753 

Love-apple... 961 

Love-lies-bleeding 985 

Lucem 850 

Luminosity of plants...... 609 

Lupulin 1022 

Lychnophora 917 

Lycopode 1113 

Ly copod iacete 1112 

Lycopodites 1181 

Lyginodendr* >u 1184 

Lymphatic hairs 61 

Lyrato 147 

Lythracea* 857 

Macaluiba palm 1086 

Mace 581, 996 

Macropodotu- 595 

Madder JX>5 

Madhuca tree 937 

Madia 917 

Magnoliaoe® 742 

Magnolias, Region of 1155 

Mahogany 812 

Maideu-hair fern, is Adi- 

antum 1110 

Maize 1142 

Malesherbie® 875 

Male-shield fern 1110 



032 


INDEX AND GLOSSARY 


PARAGRAPH 


Mali cor him 550 

Mallow family 781 

Malomlx) bark . 832 

Malpighiacem 803 

Malvaceae 781 

Mammee Apple . 799 

Manchineel 1018 

Mandragora 901 

Mandrake 961 

Manganese in plants 229 

Maugifera 843 

Mango 843 

Man gold- wuritel 987 

Mango steen 799 

Mangn jvo 860 

Manihot 1020 

Manioc 1020 

Manna 867, 911, 1046 

Manna, of Mount Sinai ... 775 

Manna- Ash 941 

Manna -Sugar 300 

Mamiite 306, 941 

Mantellia 1187 

Manures, active ingre- 
dients of. 243 

, ammoniacal 213 

? application of...... 240 

, comparative value 

of 242 

, experiments with.. 249 

, liquid 248 

natural 241 

, simple 241, 216 

Manuring with green crops 247 

seaweeds... 247 

Maple 805 

Maple-sugar 306 

Marautaceoi 1063 

Maraschino 853 

M arceseen t, 367 

Marcgraaviiice^ 8<X> 

Marchantiete 1117 

Mare’s- tail family 869 

Marginal placenta 438 

Marginafe calyx 36-1 

Marine plants 1139 

Maritime plants 1139 

Marjoram 967 

Marking nut 843 

Marmalade fruit 937 


Marsh-Mallow 

Marsh-Trefoil 

Marsileacea* 

Marvel of Peru 

Masked, see Personate. 

... 782 
... 919 
...1111 
... 983 

... 843 

Mate 

... 935 

Math, a term sometimes 

used for crop. 

Matico or Matica 

...1034 

Mattulla 

.57, 96 

Maturation of fruit 

... 561 

, changes during i ts j 

progress 

... 563 

May Apple 

.. 740 

Meadow plants 

..1139 

Meadow-saffron.. 

..1080 

Mealy 

.. 688 

Meconic Acid 

.. 756 

Medick 

.. 850 

Medlar 

.. 855 


PARAGRAPH 


Medlar of Surinam 937 

Medulla, pith 89 

Medullary Rays or Plates. 

, position of 72 

, functions of. 109 

Medullary Sheath 76 

, its functions......... 109 

Meiostomonous, sec Mios- 
tnnonous. 

Melaleuca 867 

Melanth acorn 1079 

JVIelastomacea) 863 

, Region of. 1155 

Melogucta pepper 1062 

Meliace® 809 

Melilot 850 

Melloca 878 

Melon 872 

Membranaceous or Mem- 
branous, having tho 
texture of a membrane. 

Memecvlean... 863 

Meniscus ,1192 

Menispormaceft' 746 

Mentha 967 

Menyanthoa? 948 

Morencliyma 5 

Mericarp 643 

Mensmatic 493 

Meritlml 169 

, laminar 139 

* petiolary 139 

, tigellaiy 139 

, vaginal 139 

Merithalli 639 

Mesembryace® 881 

Mesembryanthcma, Re- 
gion of. 1155 

M esembryanthemum 881 

Mesocarp 524 

Me sochi lium 1058 

Mesophlcemn 82, 84 

Mesophyllum 137 

Mesosperm 578 

Metamorphosis 641 

Meteoric flowers 484 

Messercmi 1002 

M icrometor 1 196 

M icropyle 464, 683 

Microscope ...1191 

, compound 1194 

, simple 1193 

Microscope-makers 1199 

Microscopic apparatus 1196 

Microscopic preparations, 1201 

Midrib 141 

Mignonette family 765 

Mildew 695 

Milk-tree 945 

Milk-vessels 38 

Milk-wort family 772 

Millet 1100 

Mimoso® 848 

Mimositcs 1189 

Mimulus 965 

Mint 967 

Miocene ...1176 

Miosteraonons 392 

Mistleto 252, 899 

Mitriform 1114 

Modecce® 873 


PARAGRAPH 

Mobl on Cy to genesis 22 

Moisture, as affecting the 
distribution of plants... 1138 

Mollugine® 778 

Motnordica.... 872 

Monadelphous 399 

Monandrous 394 

Monembryony..... 586 

Moniliform 398 

hairs 57 

vessels.. 87 

roots 125 

Monkey-bread 784 

M< nkev-pot 867 

Monkshood 740 

Monk’s Rhubarb 991 

Monocarpic 634 

Monochlamydea? 980 

Monoclilamydoous 361 

Monoclinous 648 

Monocotyledonous ...590, 1049 
Monocotyledonous stem, 71, 91 

Mono-Cryptogam re ..1104 

Monoecious... 389, 648, 713, 911 

Monogamia 717 

Monogynons, having 1 style. 

Monornic 1151 

Monopetali>us 376, 380, 381 

Monophyllous 358 

Monosepalous 358 

Monostacliya, having a 
single spike. 

Monothecal 405 

Monotropeir 926 

Monstrosities, onuses of.... 646 

Moon-seed family 746 

Mora wood 851 

M orere 1021 

Morel 1124 

Morinda 905 

Morindine 905 

Moringaceie 858 

Morphia 756 

Morphology 641 

Morphology of Mosses 1114 

Mosses 1114 

> Region of. 1155 

Movements in sea weeds., 667 

in sensitive plants 659 

Moving-plant, see Desmo- 
dium. 

Moxa 917 

Mucilage 303 

Mncronate 150 


Mucus, definite 46 

Mudar 943 

Mulberry 1023 

Mullein 965 

Multicostate 144 

Multifid 148 

Multi jugate 163 

Multilocular 440, 522 

Multiple fruits 538, 556 

Multiplication of parts of 

flowers 653 

Multivalvnlar. 58Q 

Mummy-cloth.... 29 

Mummy-wlieat.... 617 

Munjeet..... 905 

Muriatic acid gas, effect 
on plants 295 
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Muricated, covered with 
short hard excrescences. 


Muriform cells 89 

M uriform cellular tissue. . . 6 

Musaecfe 1065 

Muscardinc 1126 

Musci .1114 

Muscology, the study of 
mosses. 

Mushroom 1124 

Mustard 762 

Mustard-tree... 987 

Muticus, without an awn.,1099 

Mycelium 1122 

Myoporineir 968 

Myosotis 959 

Myrieeve 1035 

Myristicaceic 995 

Myrobalans 862 

Myronic arid .* 762 

Myrosine 7G2 

Myrrh .. 845 

Myrsinacetti 938 

Myrtaeese 866 

, Region of .....1162 

Myrtle 867 

Nahoe 740 

Naegelion Oytogenesis.... 24 

Naiadacea* .,..1094 

Napiform T24 

Narcissea? 1072 

Narcotinc 756 

Narthex 891 

Naseberry 937 

Natural System 719 

Navicular, lx>at shaped. 
Necklace-like 398 


PARAGRAPH 

Non-fossilifernus rocks 1174 

Norfolk Island Pine 1046 

Notorhizea?.. 601, 759 

Noyau 855 

Nucleoli 16 

Nucleus of a cell 16, 22 

Nucleus or kernel 577 

Nucleus of ovule 463 

Nticulaiihun 553 

Nucule 459 

Nucumcntacofe 760 

Nudicaulis, naked stemmed. 

N umber of known plant, S...U33 

Nut.. 544 

Nutmeg 996 

Nutrition of plants 200 

of air plants 217 

Nutritive organs 43 

products 312 

Nux-Vomica 947 

Nyetaginaoejo 982 

Nymphieacea? 750 

Oak 1039 

Oak-apples 701 

Oak-spaugles 701 

Oats 1142 

Obcordate 150, 372 

Object-glass 1194 

Oblique 146, 372 

Oblong 150 


Oblong symmetry 644 

Obovate .*. 150 

Obsolete 364 

ObvoJnto., 186 

Ochnacefe 833 

Ochre a 158 

Ochro 782 
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Opercnlate 306, 425, 536 

Operculum 1114 

Ophelia Chirata 949 

Ophiocaryon 807 

Opliioglossea 1 1109 

Opium 75 6 

Opoponax 891 

Opposite 109 

Opuntia 883 

Orach 987 

Orange 796 

Orange family 795 

Orbicular 149 

Orchidaccfc 1058 

Orchidaceous corolla 379 

Orchil 1121 

Orders, defined 709 

Organic constituents 218 

, tabular view of....... 208 

, sources ol‘. 212 

Organic elements 208 

Organogeny 442 

Organography or Structu- 
ral Botany...... 1 

Organs, appendicular 57 

, compound 2, 43 

, elementary 1 

, essential, of the 

flower 351 

, essential, their func- 
tions 488 

, nutritive 43 

, reproductive 43, 323, 388 

Original vegetation of the 

globe 1146 

Ornus 941 

Orobaiichacott* 962 

Orris-root 1068 


vessels 37 

Nectandra 994 

Nectaries 383, 416, 428 

Nectariferous glands 63 

Nectarine 855 

Nelsoniea* 970 

Nelumhiaocje 752 

Nepenthacea’ 1011 

Nerium 945 

Neroli oil 796 

Nervation 141 

Netted 143 

Nettle 1022 

N otti e-t 1022 

Neuropteris 1180 

New Zealand Flax 29, 1078 

spinach 881 

Nicker-tree 851 

Nicotiana 9f>l 

Nicotina 961 

Night-flowering Cereus.... 883 

plants 484 

Night-scented flowers 687 

Nightshade 961 

Nilsonia 1187 

XmorlUoa 11UQ 

Nitrates as manures 246 

Nitrogen in plants 216 

sources of., 215 

Nodes 67, 169 

Nodulose or Nodose 125 


Octandrnus 394 

Octangular. 69 

Octogynous, having eight 
styles. 

Odours of flowers 687 

in different natural 

orders 088 

in connection with 

Colour 688 

Olnanthe 893 

Offset 191 

Oil, cells containing 20 

Oils, fat 314 

, drying 314 

, fixed 314 

in different seeds 315 

. solid 314 


, volatile or essential, 317 

Olacaeca* 794 


Olax family 

Oleacete 

Oleander 

Oleaster family 

Oleramms, esculent 

TVlilmnum 

O^gand”''”'’ 

Oligospennous 

Olive 

Omphalode 

Onagraoem 

Onion 


794 
940 
945 
. 999 

. 845 

. 546 
, 941 
. 583 
. 868 
.1078 


Noggerathea 1184 Oolitic Fossils... 1187 j 

Nomenclature .....704, 712 Oopboridium 1112 I 


Orthoplocofo 001, 759 

Orthospenme 888 

Orthotropal .....465, 584 

Orthotropous 465 

Oryctology 1170 

Oryza, see Rice. 

Oscillator! a 1129 

Osier is Salix viruinalis. 

Osmundea* 1109 

Otopteris 1187 

Ourari 947 

Oval 5, 150 

Ovary or gennen 429, 431 

, divisions in it.... 439 

— — , half-inferior 449 

, inferior or adherent.. 449 

, superior or free 449 

Ovate, egg-shaped 150 

Ovenchyma 5 

Ovular tubes 605 

Ovule 438, 460 

, Ascending 471 

, coverings of. 464 

, development of 463 

, erect 471 

apk 

\ horizontal 471 

, inverted 471 

, naked 401 

, pendulous 471 

, position in the ovary 471 

, seminude 461 

suspended 471 
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Oxalate of lime in raphides 18 

Oxalidacefe 820 

Oxidation in flowers 473 

Oxlip . 076 

Oxycoccus 928 

Oxygen in plant? 213 

— -, sources of. 214 

consumed by flowers, 474 

Oyster-plant.... 959 

< )yster-plant of America... 918 

Pteoniese 739 

Pagina of leaf. 139 

Paleontology 1170 

Palavozamia 1187 

Palftjozoic plants 1180 

Palate 381 

Paleaceous, chaffy, covered 
with pale®. 

Pale® of Composite 318 

Pale® of grasses 1099 

Palm-stem, formation of... 94 

, dichotomous... 99 

, direction of 


vascular bundles of 95 

mode of in- 
crease of 97 

, ri ngs of. 98 

Palm of the Bible 1086 

Palma Christi 1019 

Pahuacites 1189 

Palma> 1085 

, Region of 1155, 1162 

Palmate 143 

Palmatifid 148 

Palmatipartite, cut nearly 
to the base in a palmate 
manner, 

Palmin 1019 

Palm-oil 1086 

Palo deYaca.. 1024 

Panax 895 

Pandanace® 1090 ! 

Pandanocarpum 1 1S9 

Pandurifotiu 147 

Paugiese 873 

Panicle 333 

Paniculate, forming a 
panicle. 

Pansy 769 

Papaverace® 755 

Papaw 873 

Papayace® 873 

Paper for drying 1 204 

— for Herbarium ......1208 

Paper-mulberry 1023 

Papilionace® 848 

Papilionaceous corolla 379 

Papillae of epidermis.. 57 

Pappus 365 

Papyrus 75, 1098 

Paracorolla ........ 384 

Paraguay Tea 935 

Paraphysos 1114 

Parasites 252 

, nutrition of. 252 

on roots 252 

Parasitic Fungi ,252, 1126 

plants 1139 

Parastemonos 384 

Pareira-hrava 7A7 


PARAGRAPH 1 

Parenchyma 

... 4, 5 

— , imperfect. 

.... 12 


12 

Parietal 

440 

Parietin 

....1121 

Pariglin 

,...1054 

Pari-pinuate 

.... 153 

Paris 

....1055 

Parnassieie 

.... 770 

Paronyehiace® 

.... 879 

Paropsioie 

.... 875 

Parsley 

.... 890 

Parsnip 

.... 890 

Partite or Parted 

146 

Passifloraceiv 

.... 875 

Passion-flower 

.... 876 

Pastilles 

.... 932 

Pastinaca 

.... 890 


.... 967 

Patel lie 

....1119 

Pateut, spreading. 


Patulous 

.... 359 

Pea 

.... 850 


.... 855 


.... 855 

Pecopteris 

....1180 

Pectine 303, 564 

Pectinate 

51, 147 

Pcdaliea* 

... 950 

Pedate 


Pcdatifid 

... 148 

Pedicel 

... 325 

Pedicellate 

... 325 

Peduncles 

... 325 

Pedunculate 

... 325 

Pelargonium 

... 816 

Pellicle, superficial 

... 45 

pellitory 

...1022 

Pellitory of Spain 

... 917 

Peloria 


Pelorization 

... G54 

Peltate 58, 149, 458 

Peiiieace® 

,....1000 

Pencil-cedar 


Pendulous ovule 

471 

Peuninerved, see. Feather- 

veined 

144 

Penny-royal 

967 

Pentagonal, having 5 

au- 

gles. 


Pentagonal symmetiy, 

643 

Pentagynous, having 5 

distinct styles. 


Pentamerous 

643 

Pentandrous 

394 

Pentapetalous 

375 

Pontaphyllons 

361 

Pentasepalous 

861 

Pepo..... 

551 

Peponida 


Pepper 

1034 

Popper-brand 


Pepper-corn 


Peppermint 


Pepperwort family.... 

1111 

Perenchyma of Morren... 17 

Perennial 

.633, 713 

Perfoliate 


Perforations in cells.... 

9 


352 

Pprirnm 

520 
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Perichfietial 1114 

Pericladium 158 

Fericlinium. involucre of 
Composite. 

Periderm 85, 87 

Peridium, spore-case of 
some Fungi. 

Perigonc 352 

Perigynium 1097 

Perigynous 390, 449 

Periodicity in flowering... 483 

Peripherical 602 

Periphoranthimn, same, as 
Pericliniuni. 

Perisperru 677 

Perispermic 587 

Perispore 591 

Peristomatic 61 

Peristome 1114 

Peritropous 471 

Periwinkle 945 

Femambtteo-wood 851 

Persimmon 933 

Personate 381 

Pertuse, having slits or 
holes. 

Perula; 182 

Peruvian Bark 903 

Cherry 961 

Petaloid 859, 396 

Potaloideie 1056 

Petals 368 

- — , adhesion of 376 

, metamorphosed 383 

Potiolary 160, 201 

menthol 139 

Petinlato 62,139 

Petiole 139, 155 

, anomalous forms 

of 163 

, inflated 157 

— , shearing 168 

, winged 157 

Petiolules 151 

Petiverie® 988 

Pence ..... 1187 

PhieuogamouH or Phanero- 
gamous 323 

Phanerogamous plants, 
arrangement of their 

organs 638 

Pliiladelphame 865 

Phleboidal tissue 37 

Phloridzine 309 

Phlox family 952 

Phoenix 1066 

Phoranthium 326 

Phormium 1078 

Phragmata 447 

Phycology, the study of 
sea, --weeds. 

Pliylla 358 

Phyllodium 157 

Pliyllogen 96 

Phylloid 327 

Fhyllophor 96 

Phylloplastic 177 

Phyllotaxis. 169 


in Acrogens.. 176 
in Endogens 176 
- hi FiVoerenn... 176 
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Fhysalis 961 

Physic-nut 1019 

Physiognomy of Vegeta- 
tion 1160 

Physiology or Physiolo- 
gical Botany..... 1 

Physomyeetes 1123 

Phytelephas 1086 

Pliyto-geographical divi- 
sion of the globe. 1162 

Phyfco-geographical zones 

of Meyen 1167 

Phytograph y, the art of 
describing plants. 

Phytolaccacem 988 

Phytology, the general 
study of plants. 

Phytons 116, 181, 639 

Phytotomy, fbo dissection 
of plants. 

Phytozoa 427, 492 

Piassaba 1086 

Picotee 779 

Pic^ffma 832 

Picrotoxin.. 747 

Pileorhiza 120 

Pignut, see Earthnut. 

Pileus or cap 1122 

Pili 67 

Pilose 366 

Pilosns Oil 

Pimento or Pimenta 867 

Pimpernel, see Anagallis. 

Piinpinella 892 

Pinace<e... 1044 

Pine-apple 1076 

Pinei-tallow 790 

Pinenchyma 5 

Pines 1046 

Pinguicula 973 

Pinites 1184 

Pink 779 

Pink-root 947 

Pinna 152 

Pinnate 152 

, alternately 153 

, equally or ab- 
ruptly 163 

, iutemtptedly 153 

— , unequally 154 

Pinnatifld 147 

Pinnatiparfcite 147 

Pinnules, leaflets in a 
doubly or triply pin- 
nate leaf. 

Pinus ,..1040 

Piperacete 1033 

, Region of. 1165 

Pistachio nut 843 

Pistocia 843 

Pistioss 1092 

Pistil 360, 429 

, formation o£ 430 

— — , various forms of. 484 

Pistillary cord 438,460 

Pistillate 649 

Pistmidia 469, 492 

PiatilUferous 388, 649 

Pita-flax 29, 1078 

Pitaya^bark f“~ 

Pitch.,. 1046 
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Pitcher-plant family 1011 

Pitchers 164 

Pith 8,72 

, discoid or disciform 76 

, excentric 80 

, functions of. 109 

Piton-bark 90S 

Pitted tissue 36 

Pittosporacea 1 823 

Placenta 438 

, how formed 438 

Placentaries '138 | 

Placentation 443 

Plaited 185 

Plano, oriental 1038 

Plantaginaceie 978 

Plantain 1066 

Planting trees 118 

Platanacem 1035 

Pleiotracheic 32 

Pleistocene 1181) 

Plcurenehyma 29 

1 functions 

of 41 

Pleurisy-root 942 

Plenrocarpi ,...1115 

Plcurorliizea* 601, 769 

Plicate........ 185 

Pliocene 1176 

Plum 855 

Plumbaginaceie 976 

Plumose 366 

Plumule 590, 693 

Plurilocular, having many 
loculi or cells. 

Pod 548 

Podetium 1119 

l’odocarp 533 

Podogynium, same os Gy- 

nophore.. 437 

Podospcrm 402 

Podostemacea' 1026 

Poison-elder 843 

Poison-ivy 8*13 

Poison-nut 9*17 

Poison-oak 843 

Poison-sumach 843 

Poison-vine 843 

Poisons, their effects on 

irritability 666 

Polarizing apparatus 1197 

Polemoniaceie 952 

Pollard-trees 190 

Pollen 396, 402, 421 

, application to the 

stigma 494 

, development of.... 421 


ity of. 500 

, scattering of 496 

Pollen-grains, coverings 

of 422 

— . , — , number of... 494 


form of. 424 

, union of....... 421 

rollen-masses 421 

Pollen-tubes 426 

■». - , extent to 


which they penetrate, 

504, 512 


PARAGRAPH 
Pollen-tubes, functions of 503 


Pollen-utricle 421 

PoUinia 421 

Pollinaria 427 

Polyadelphous 899 

Polyandrous 394 

Polycarpic 634 

Polychroite 1068 

Polycotyledonous 598 

Poly em bryony 509, 586 

Polygalacea* 772 

Polygamous 389, 648 

Polygonacete 990 

Polygynous, having many 
distinct styles. 

Polyhedral 4 

Polynomic 1161 

l’olypotalouH 376, 378, 379 

Polypliyllous 358 

Polypodies 1109 

Polysepalous 358 

Polyspermous 540 

Polystemonous 392 

Pome 563 

Pumea> 854 

Pomegranate 867 

Pompolmoose 790 

Pondweeti family 1091 

Pontedcriaces 1082 

Poplar 1030 

Poppy family 755 

Porowort family 774 

Porous ceils 10 

dehiscence 530 

vessels 30 

Porrect, extended forwards. 

Portland-di rt-hed 1187 

Portland sago 1093 

Portugal Laurel 855 

Portulacacete 878 

Posterior, applied to parts 

of the flower 357 

Postic*e 412 

Potamom .....1094 

Potash in plants 228 

Potash and soda as man- 
ures 240 

Potato 9G1 

Potato-disease 691 

Potentillem 864 

Pounce 1040 

Pneflomtion 354 

Prmfoiifttion 184 

Praunorse 124 

Prangos 890 

Pressing plants 1205 

Prickles.... 57 

Prickly Pear 883 

Frimine 464 

Primordial 693 

Primroses 975 

Primulacea* 974 

Prince’s feather 985 

Prismatical 5 

Prismenckyma 5 

Privet 941 

Procumbent 60 

Products of plants 300 

Progression of sap, cause 

of, 266 

Proliferous leaves 199 



636 


INDEX AND GLOSSARY. 


PABAGBAPH 1 

Proliferous plants 631 

Prone, prostrate, lying flat 
on the earth. 

Fropagulum 191 

Proper-vessels ... 38 ] 

Prosenctiyma 5, 29 

Proteacete 997 

Proteine . 810 

Protococcus 1129 

Protoplasm .... 14 

Pruinose, frosted, having 
the appearance of con- 
gealed drops of dew. 

Pruning trees 118 

Primus * 855 

Prurient, causing itching. 
Pseudo-bulb..... 70 

Psondo-monocotyledonous 59s 

Pseudo-parasitic 1139 

Pseudo-Hpermous 531 

Pteridographia, a treatise 


on Ferns. 

Ptoris aquilina. ...105, 1103 

Pterocarpus 850 

Pterophy lluin 11 87 

Pubescent 60 

Pueeoon 756 

Pu elm-pat, see Patchouli. 

Pulp in fruits 523 

Pulverulent,, covered with 
fine powdery matter. 

Pul vines 156 

Pumpkin 872 

Punctated woody tissue... 30 

Punica 867 

Purging-nut 1019 

Purples 700 

Purslane 878 

Putamon 524 

Putty-wort 1060 

Py renai 553 

Pyretbrum 917 

Pyridium, same as Pome. 
Pyriform, pear-shaped. 

Pyroleie 926 

Pyrus 855 

Pyxidium 554 

Pyxis 554 


Quadrangular 69 

Quadrifarious, in four rows, 
Qnadrifid, 4-cleft. 

Qnadrifnrcate 406 

Quadrijugate, having 4 
pairs of leaflets. 

Qnadrilocular 405, 440 

Quadripartite 802 

Quartine 46-1, 469 

Quassia &32 

Quatern&te 154 

Quercitron 1039 

Quercus 1039 

Quick-grass » 1103 

Quillaica* 854 

Quillaia-bark 855 

Qulna 903 

Qninate 154 

Quince 855 

Quincuncial 355 

Quincunx 176 

Quinoa. 987 
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Quinquaugular... 69 

Quinquefid 148, 362 

Quinquelocular 440 

Quinqueuervis, having 5 
ribs proceeding from 
the base. 

j Quinquepartite 362 

Quintine 404 


Raceme 833 

Racemose, flowering in 


racemes. 



705 

Racliis .....102, 

325, 331 


911 

Radiatiform 

911 

Radiating 

5 


,..61, 108 

Radical excretions .... 

' 132 

Radicle 

.590, 592 

Radii... 

335 

Radish 

762 

Rafflesia 

1013 

Raffiesiacem 

1012 

llamal 

108 

Ramenta 

57 

Ramentaceoufi 

57 

ltampion 

922 

Range of Vegetation, liori- 

zontal 

1163 



tioal 

1158 

Raminculacete 

738 

Rape 

762 


.407, 588 

Raphidean cells 

.' 18 

Raphidea 

18 

Raspberry 

855 

Ratafia 


Rattans 

1086 

Rattoons 

304 

Ravenala 

1066 

Rays, moduli arv 

89 

Receptacle of flower.. 

..326, 328 

Receptacles of secretion... 20 

Reclinate 

185 

Reotembme 

960 

Rectirierris or Rectivenius, 

straight-veined. 


Red-snow plant 

1129 

Reduplicate 


Regma 

554 

Reindeer moss 


Beliquiai, remains of with- 

ered leaves attached to 

the plant. 



150 

1 Ropand, having a slightly 

wavy margin. 


..... 

.447 634 

Reproduction in Crypto- 

1 gamous plants 


in rhanero- 

gamous plants 


Reproductive organs. 

43 

Resedacesi 

765 

Reservoirs of oil 


Resinous matters 



318 

Respiration of plants 


Rcstiaceu! 



PABAORAPU 

Resupinate, inverted by a 
twisting of the stalk. 


Rete of Nourse.... 678 

Reticulated cells 11 

vessels, 85 

Reticulum 57, 158 

Retinacula 421 

Ketimirvis or Retivenius, 
having reticulated veins. 

Retractile hairs 69 

Retrorse, turned back- 
wards. 

Retuse 150 

Revolute 185 

Rhabarberin 991 

Rhamnacea* 840 

Rhatany 773 

Rheum 991 

Rhinanthideaj 964 

UhizanthcR' 1012 

Khizantks 252 

Rhizobolaceie 808 

Rhizocarpea* 1111 

Rliizogens 64 

Rhizome 70 

Rliizophorace a; 859 

Rhododendron 927 

Rhododendrons, Region 

of 1162 

Rhomboid, oval, but slightly 
angular about, the middle. 

Rhubarb 991 

Rlius 843 

Rib, costa 144 

Rib-wort, family 978 

Klcciem 1117 

Rice 1100 

Rice paper 8, 852 

Rice paper plant 75 

Ricinus 1019 

Rictus 381 

Riga-balsani 932 

Ringent 302, 381 

Ripening of fruit 568 

Rocambole 1078 

Roccella 1121 

Rock plants ..1139 

Rock-Rose family 707 

Root '. 119 

, abnormal 121 

of Acotyledons or 

Acrogens 128 

, adventitious 121 

i aerial 120 

of Dicotyledons or 

Exogens 126 

, excretions from 132 

, fleshy 131 

, forms of. 124 

, functions of. 129 

, mode of increase of 120 

, subterranean 120 

, structure of. 120 

of Monocotyledons 

or Endogens 127 

, young 119 

Root-like processes of Ivy 122 

Root-parasites 252, 963 

Root-stock...*.., 70 

Rosacea* 854 

Rosaceous corolla 378 
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Rose.,... 855 \ 

Rose-appte 867 1 

Rosemary %7 \ 

Rose of Jericho 762 1 

Rosewood &50 i 

RostoUimi 421 1 

Rostrate, see Beaked. | 

Rotate 380 | 

Rotation of crops 232 

Rotation in cells 275 

, velocity of the 

currents 280 

, cause of, 281 

Rough, set; Scabrous. 

Rounded, rotundatus 150 

Rubia 905 

Rubiacete . 902 

Rue 828 

Kuollia 971 

j \jvotiOKjiy n t uuv- 

led, 

Kumex.... 991 

Ruminated 588 

Runcinate 147 

Runner 191 

Rupturing 536 

Rush family 1084 

Rust 695 

Rutaccu' 827 

Rye 1142 

Sabadilla 1080 

Sac of the emhryo 464, 577 

Saccate 373 

Sack-tree 1024 

Safflower 916 

Sau run.., ...... 1068 

Sagapenuui 891 

Sage 967 

Sagittate 150, 374 

Sago 302 

, false 1048 

, Portland 302, 1093 

Sago-palm 1080 

Saintfoin 850 

St. Ignatius’s beau 947 

St. John’s bread 851 

St. John’s- wort family 797 

Salep 1060 

Salicine 309, 1086 

Sttlicinen* 1035 

Saline plants 1139 

Sftlpiglossidete 964 

Salsafy 918 

Salvadora 987 

Salver-shaped..... 380 

Salvia 967 

Samara 542 

Samaroid 542 

Samhucea* 900 

Samphire 890 

Samydaceie 1005 

Sand-plauts USD 

Sandal- w ood .1008 

Sandarach 1046 

Sandlx >x-tree 1018 

Sauguisorbeie 854 

Sautalace«e 1007 

Sap, ascending 257 

, changes in its com- 
position 2C0 


vaitAxmAPU 

Sap, coutse by which it 


ascends . 257 

— , crude 257 

, descending 261 

— -, elaborated 261 

— — , height to which it 

ascends 274 

Sap-wood 78 

Sapitulaceo! 806 

Saponinc 779 

Sapotacea? 936 

Sappan-wood. 851 

Sappodilla 937 

Sapucaya nut is the pro- 
duce of a species of 
Loeythis. 

Sarcinnla 1129 

Saroocarp 524, 545 

Sarcocol 1000 

Sarcosperm 578 

Sargassum .....1129 

Sarmentum 66 

Sarraceniacem 754 

Sarsaparilla 1054 

Sarza 1054 

Sassafras ,.. 99*4 

Satin-wood 812 

Sanruracete 1032 

Savin 1046 

Savoury 967 

Savoys 762 

Saxifragacem 885 

Saxifrages, Region of 1155 

Scabrous 58 

SetPvolon? 920 

£? a cbL rni 11 

* — vessels 35, 104 

Scale-wort 963 

Scales 57, 346 

Scammony 956 

, adulterations ot.... 943 

Scandent 66 

Scape 342 

Scar 140 

Scar ions, men i branous, dry 
and shrivelled. 

Scarlet-runner 850 

Sccpacoaj 1016 

Schiniis 843 

Schleiden on Cytogenesis, 22 
Schouw’s Pliyto-geogra- 

phical Regions .1155 

Schultz, view of Latex .... 41 

Scilla or Squiila 1078 

Scillefe 1077 

Scillitina 1078 

Scimitar-sb aped. • . 150 

Scion 569, 673 

Scitamiueee 1061 

Sclerantbea) 879 

Sclerogen 15 


Scobifonn, like line saw- 
dust. 

Scobina, the dextiose rachis 


of grasses. 

Scorpioidal 340 

Scorzonera 918 

Scotch Fir 1040 

Scotch Thistle 916 

Screw-pine 121, 1991 
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Screw-tree is Heiicteres. 
Scrobiculate, pitted, hav- 
ing little depressions. 


Scrophulariacea*. 964 

Scurf 57 

Scurvy-grass 762 

Scythian Lamb 1110 

Sea-buckthorn 999 

Sea-kale 762 

Soa-sidc-grape 991 

Sea-pink 977 

Sea-weeds 1127 

Sea-wrack 1128 

Sebesten plums 957 

Secretions of plants 3<X) 

, receptacles of. 20 

Secund, arranged on one 
side only. 

Seemidinc 404 

Sedurn \ 880 

Seeds 575 

, forms of. 585 

, functio ns o f 605 

, integuments of 577 

, lobes of, 586 

> position in the ovary 585 

— , sowing < 

, dissemination of. GOO 

, maturation of 605 

, mode of preserving'., 618 

, mode of transmits 

sion 1210 

, vitality of..., 617 

Selaginem 968 

Selaginites 1181 

(!..»,! . t Af>rr 

*-'“*“* 

Semitlosculous 911 

Seminal leaves 599 

— lobes 599 

Seminudo 576 

Semper vi veto 880 

Sempervivum 880 

Senega 773 

Senna 851 

Sensitive plants 659, 852 

Sepals 358 

, adhesion of 362 

, forms of 359 

Septate 427 

Septemiid 143 

Septenate 154 

Septicidal 532 

Septifragal 532 

SeptulaLe 760 

Septum 408, 439 

Sericeous 60 

Serpentariu 1010 

Serrate 146 

Sessile 62, 139, 325, 370 

Sesu veie 881 

Setaceous 67 

Seta) 57, 459 

Setose 57 

Sexes of plants 489 

Sexual system 716 

Shaddock 796 

Shallou 927 

Shallot 1078 

Shamrock 821, 860 

Sheath of leaf 139 
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She-oak .. 1037 Southern-wood . 917 Stamens, indefinite 

Shield-like 58 Sow-bread 975 , number of 

Shrubs 68, 713 Spadix 334 . parts of 

Side® 781 Spanish-broom, is Spar- , relation to the petals 

Sidesaddle-flower 754 tiurn junceum. , structure and form... 

Sigillaria 1183 Spatha, spatlic 349 inCryptognmicplanti 

Sileneai 778 Spathella 349 Staminal 

Silica in plants 226 1 Spafhulate 150 Staminidia, same as An- 

in epidermis 49 l Spawn 1122 1 theridia. 


kPH 1 PARAGRAPH 

917 Stamens, indefinite 89 

975 , number of 394 

334 . parts of 395 

, relation to the petals 393 

, structure and form... 391 

349 in Cryptognmic plants 427 


in epidermis 49 l 

in the soil 235 

SUicula 555 1 

Siliqua 534, 555 

Silk-cotton 784 , doubts as to their Stapelia 

Siliquosfi?. 760 limits 706 Stapelia?, Region of... 

Silver fir 1046 , transmutation of 707 Staphyleacese 

SilveT-grain 89 Specimens for Herbarium 1202 Star-anise 

Simarnhaccffi 831 Spermodenn 577, 678 Star-apple 

Sinapis 762 Spha?reucbyma 5 Star-like, see Stellate 

Sinapism 762 Splneria 1126 Starch-grains 


Spearmint 967 Staminiferons . 

Species, meaning of the Staminodium... 


term 705 Standard . 


.416, 651 

379 

943 

1155 

839 

748 

937 


Sinuous 5 

Siritch 951 


Splneria 1126 Starch-grains 17 

Sphenophyllum 1180, 1187 Starch in plants 301 

Sphenopteris... 1180 changed to sugar, 309 477 

Spheroidal 5 Starch-sugar 307 

Spider-wort ...1087 Staticea? 976 


Slashed, see Latin iatod. 


Smut 694 

Smut-balls 693 

Snake-nut-tree 807 


Snake-wood 947, 1024 

Snowball-tree is Vibur- 
num Opulus. 


Sphenopteris... 

1180 

Spheroidal 

5 

Spider-wort 

1087 

Spigelieav 


Spike 

334 

Spikelot 


Spikenard 

907 

Spike-oil 


Spinage or Spinach... 


Spindle-shaped, see Fusi- 
form. 

Spindle-tree 

838 

Spines 

200 

Spiruw 

854 

Spiral cells 

...11, 403 

vessels 

32, 41 


Spir&l-cyJes described by 
leaves 171 


Snow berry.. 


, 901 Spiral vernation 186 


Snow-drop, see Galantlms. Spiroidea 32 , size of.... 

Snow-drop-tree 932 Spirolotafe 769 , snbterrar 

Snowflake is Leucojum. Spongelots 120 Stemless.. ...... 

Snow-line 1137 Spongioies 120 Sterculiacea?... 

Soap-berries 807 , absorption by 253 Sterigmata. ..... 

Soap-wort family 806 Sporangia 459 Sterile flowers 

Sobolos 70 Spore 459,591 Sternbergia ... 

Social plants 1144 Sporidium 591 Stigma 

Soda in plants 228 Hporocarp 1127 Stigmaria 


— , acrogonous or acoty- 

ledonous 71 

— , aerial 70 

— , endogenous or mono- 

cotyledonous 71 

— , exogenous or dicoty- 
ledonous 71, 107 

— - , functions of differ- 
ent parts of. 109 

— , internal structure of 71 

— size of. 108 

— , subterranean 70 

ieniless.... 66 

icrculiaceo? 783 

erigmata, 1122 

:erile flowers 649 

ernbergia 1184 

agma 429, 433 

dgmaria 1182 


Soils 233 Spovophores 1122 Stilaginacea? 1027 


as affecting the dis- 
tribution of plants ,1139 | Spruces, 

— required for different | Spur, ca 


Sporule, see. Spore. 


plants 239 

Solanacete.... 960 

Solania 961 

Solidagos, Region of 1155 

Solomon's-seal is Couval- 

Solubility 536 

Sooranjee 905 

Soot as a manure 246 

Sorodia, gonidia breaking 
through the thaliuB of 
Lichens 1119 


Spur, calcar 373 Stipels ... 

Spurge family 1016 Stipitate 


Spurge-laurel 1002 Stipulate 


Stings 62 

1046 Stipe 65, 102 

373 Stipels 161 

1016 Stipitate 62, 335, 437 


Spurious trachea 1 35 

Spurred 363 


35 Stipules 139, 158 

•63 Stock 569 


Squama? 346 Stolo, a sucker, at first 


Hquamash 1078 aerial, and then turning 

636 Sqnamube 1099 downwards and rooting. 

905 Square cells 6 Stoloniferous, having creep- 

246 Squarrose, covered with ing runners w hich root at 

processes spreading at the joints. 

right angles or in a Stomata 50 

.119 greater degree. , development of ... ,55 

oash 872 , forms of 54 

uill 1078 functions of 64 

nirting cucumber 872 in Equisetum 1107 

mkhousiacea? 836 in leaves 136 

ilk of leaf 139 , number in square 

miens ....350, 390 inch of surface 56 

definite 894 Stonecrop 880 


Sori 1108 Squash 872 

Sorosls 657 Squill 1078 

Sorrel 991 Squirting cucumber 872 

Souarinuts 808 Stackhousiacea? 836 


Sour-gourd, same as Bao- 
bab. 

Sour-sop 745 


Stalk of leaf. 
Stamens 


139 

...350, 390 
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Stone-pine is Pinus Pinea. 

Storax . 9^2 

— > u 4Uto ....‘"l037 

Stramonium 961 

Strangulated, contracted 
and expanded irregu- 
larly. 

Strapsrtiaped 382 

Stratioteie 1057 

Strawberry ffiB 

Strawberry-tree 927 

Strlgose, covered with stiff 
hairs. 

Strobilites 1181 

Strobilus 334, 559 

Strophiolate 582 

Strophioles 582 

Struma 156 

Struraose 398 

Strychnea* 946 

Strychnia 947 

Stryclmos 947 

Stupose 60, 398 

Style 429, 432 

•, forms of. 453 

, situation of. 451 

Style and stigma, irrita- 
bility of 665 

Style* wort family 921 

Stylidiaceai 921 

Stylopodium 888 

Styphelicic 929 

Styracacete 931 

Subclasses defined 710 

Suberic acid 316 

Siiberous layer 85 

Subgenus, defined 708 

Suborders, defined 709 

Subterranean plants 1139 

stem 70 

Subulate 150, 396 

Sucker, see Surculus. 

Suckers in Dodder 122 

Succory 918 

Suffnxtex 68 

Suffruticose 68 

Sugar 304 

, from Beet 306 

, import of 305, 1101 

from the maple 30G 

Sugar-bush 998 

Sugar-ca*e*..., 1101 

Sugar-maple 805 

Sulphur as a manure 246 

Sulphuretted hydrogen, 

effect on plants 296 

Sulphurous acid gas, 

effect on plants L_ _ 

Sumach 843 


Sumatra-Damphor family, 789 


Sundew-family 770 

Sunflower 917 

Sun-Hemp 782 

Superior, applied to the 

parts of the flower 357 

Snpervolnte 185 

Suppression of organa 647 

Supradecompouml 152 


Surculus, a sucker pro- 
ceeding from the neck 
of a plant, and after- 
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wards rooting, as in the 1 

Rose. , 

Suspended ovule 471 

Suspensor 463,504,514 

Sutural roc. 

Tegmenta 

Temperature of plants 667 

“ » effects 0 1 1135 

— , as regards altitude 1137 

Sutures 5^ 

Swallow’s-nest, edible 1130 

iGfliZZ 

Otology "ZZilm 

Sweet-bay 994 

Sweet-briar is Rosa rubi- 
ginosa. 

Sweetrcauc 1102 ' 

l erete, round and long 
like a taper. 

Ter cine * apo 

Tergeminate, 3-paimd ’ 

lomnualiefe 862 

Terminology or Termono- 

Termite ....V *•* ^ 

Tenistroemiacein , 792 

Tertiary fossils 1189 

Test-objects H97 

Test? ••••• 678 

L calculate root, having 
two oblong tuberculcs. 

Totradynamous 419 

Tetragonal, symmetry 643 

1 etragoniose 881 

Tetragynous, having four 
distinct styles. 

Sweet-cassava 1020 

Sweet-fern .1(137 

Sweet-Hag 1093 

Sweet-pea is Lathyrus 
odm*atus. 

Sweet-potato 950 

Swoot-aop 745 

Sweet-william is Dian- 
thuB barbatus. 

Sword-shaped, see Ensi- 
form. 

Sycamine of Scripture ....1023 

Sycamore 805 

of Scripture .....1023 

Syconus 558 

Symbols 713 

Symmetrical flower 375 

Symmetry of organs 643 

Symploceie.. 931 

Synautliera* 910 

Synantherous 417 

Totrandrons 394 

T etrapetal ous 375 

Tetrapterous, 4-winged. 
Tetrasepalous, having four 
sepals. 

Synaptase 310 

Syncarpous 435, 538, 549 

Syngenesis 911 

Syngenesious 417 

Synochreate 160 

Svnonymes 713 

Tetrathecal 405 

Thalamus 329, 350 

Thalamiflorte 390, 737 

Tliallogena* 1118 

Thallogens 66. 106 

Thallopliyta 1104 

Syringa 865 

Systems of classification... 703 
, artificial 715 

Tliallophytes 66 

Thallus 65 

Theca* Ana 

— — , natural 719 

Tabaaheer 226 

Tabular cells 5 

Thecaphore 437 

Theine 793, 935 

fheohromine 786 

Thistle ... . T . 

Tacamahac 799, 845, 1036 

Tagua, a name for the 
Ivory Palm. 

Tal low-tree 799, 1019 

Tamarieacen* 775 

Thom 200 

Thorn-apple 961 

Thrift 977 

Throat of corolla 377 

Tamarind 851 

Thus 1 AAt! 

Tamarisk, family 775 

Tanghin JUfi 

Thuya ...1046 

Tangle 1130 

TllVfUfi A/JfT 

Tansy 917 

Taphrenchyma 36 

Thymelmacefie 1001 

Thvrsus «<ut 

Tapioca 302, 1020 

Tap-root 124 

Taraxacine 918 

Taraxacum 918 

Tieutfi, see Ppas. 

Tigellary merithal 139 

Tigelle 690, 593 

Tiliacpm 787 

Tarragon 917 

1 Tiliftje rrorr 

Tartarian Lamb 1110 

TilbindsiB , 1076 

Taxinem 1045 

Taxonomy 703 

Tissue, cellular 4 

— 11 

Tea plants 793 

of Paraguay 935 

Teak, African 1020 

, Indian 969 

, fihro-vascular 31 

, ligneous 29 

, pnleboidal 87 

pittWi . . 

Teazel 908 

— 5 viiHRnlnr 28 

Teel seeds 951 

vasiform ♦ 36 
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Tissue, woody , 80 1 

Tissues, vegetable 1 "3 

— arrangement of 42 1 

Tobacco DG1 'J 

Tomato 961 * 

Toraentoso..,., $0 r 

Tomentum 60 ' 

Tonka-bean 850 

Toothache-tree 895 

Toothwort, 977 

Top-shaped, see Turbinate. 

Tormontil 855 

Tortoise plant ....1052 

Torulose, round and un- 
even ou the surface. 

Torus 829 

Tous-U's-muis 802 

Toxicodendron 848 

Trachea* 31 

, closed 34 

, false 35 

. , spurious 35 

Tracbenchyma 31 

Tradescautia 1887 

~ t rotation in 278 

Tragacantli 850 

Transpiration 203 

Transportation of plants 

in close cases 298 

Traveller’s-joy is Clema- 
tis Vitalha. 

Tree-beard 1076 

Tree-ferns, Region of 1102 

, structure of sterns 102 

stem, dichotomous 105 

Tree-lily 1071 

Tree-nettle 1022 

Trees, defined 68 

, ages of 637 

Trefoil 850 

T remand race ;e 774 

Triadolphous 899 

Triandrous 394 

Triangular 69 

Tribes, doiined,, 709 

Tribulew 8*25 

Trichotomous 338, 339 

Tricoccous 533 

Tricostate, 3-ribbod. 
Tricuapidate, having 3 
points. 

Tridentate, liaving 3 
teeth. 

Trientalis 975 

Trlfarious, in 3 rows. 

Trifid 148,362 

Trifoliate, or Trifoliolate, 

3 leaflets from tire same 
point. 

Trigonal symmetry 643 

Trigonocarpum., 1184 

Trigonous 69 

Trigynous, having 3 
styles. 

Trijugate, having 3 pairs 
of leaflets. 
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Trinomic 1151 

Tripartite 362 

Tripe do Roche 1121 

Tripetalous 375 

Tripinnate 152 

Tripinnatitid 147 

Triplet 1192 

Triplioostate, 3 ribs pro- ■ 
cecding from above the 
base of the leaf. ! 

Tripterous, 3-winged. 

Triquu trous 69 

Trisepalous 361 

Tristi chous 170 

Triternate 154 

Trivial name 708 

Tropttsolacea* 822 

Trophosperm 462 

Truffle 1124 

Trumpet- wood .1 024 

Truncate 150, 302 

Truncus 65 

Tryma 545 

Tuber. 70, 193 

Tubercular 125 

Tubercules 131 

Tuberose.. 1078 

Tubes 3 

Tubular 380 

Tubulifiorm 913, 914 

Tulipea*. 1( 77 

Tulip-tree 743 

Tunicated bulb 194 

Turbinate 362 

Turio 193 

Turmeric 1062 

Turnerace.o 877 

Turnip 762 

Turnip-shaped, see Napi- 
fonn. 

Turnsole ....1020 

Turpentine 1046 

, t (Miian 843 

Tussac- grass 1100 

Tussilago 917 

Tutsan family 797 

Twisted vernation 124, 186, 354 
Typliimv.e 1092 


Ulmaceu* 1021 

lUmine 234 

Clodendron 1181 

ITlva 1130 

Umari 650 

Umbel 335 

Umbelliform 888 

, Region of...., 1155 

Umbellate 335 

Umbilical cord 462 j 

Umbilicus 683 

Umbonate, round, with a 
projecting point in the 
centre, like the boss of 
an ancient shield. 

U m bracu liform, shaped 

like an expanded um- 


Trinervis, 3 ribs proceed- 
ing from the base. 


, 440 
1055 

brella. 

905 

of 

- 643 

Uncinate 

58 

of.. 


Undershrub 

68 



Undulated 


Veil., 
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Unequal 146 

Unequally pinnate 153 

UnguiculatG 370 

Unguis 370 

Unicorn plant 951 

Unieostato 144 

Unijugato 153 

Unilabiate, having one Up. 

Unilateral 456 

Unilocular ...405, 440, 522 

Unipetal ous 375 

Unisexual 388, 648 

Uni valvular 

Unlining 383 

Unsymmotrical 875 

Upas Amiar 10*24 

Upas Tieutd 947 

Urceolatc 380 

Urgiuea. ....1078 

Uni-shaped 380 

Urticacwe 1021 

Cstulate, blackened. 

Utricle 4, 542 

, internal 14 

, primary 504 

, primordial 14 

Utrioularia 973 

Uva 550 

Uvulariete 1079 

Vaecimacea* 928 

1 Vagina ...139, 168 

i Yaginula 1114 

Valerian 907 

Valerian. Greek 953 

Valerianacetv 906 

Vallecula* 888 

Vttllisneria 1057 

— , rotation in its 

cells 277 

Vallifinerieiu.... 1057 

Valonia J039 

Valvate 186, 354 

Vanllle........ 1060 

Variegation 676 

Varieties, defined 705 

Varnishes 843 

Vascular bundles in Aero- 

gens 103 

f definite... 91 

\a Undo- 

gens A.... 91 

In lixo- 

gens 77 

} functions 

of 109 

indefinite 77 

simultan- 
eous 10 

Vascular tissue 2S 

Vasculum *1203 

Vasifonn tissue.. 36 

Vegetable Ivory .1086 

Vegetable marrow 872 

Vegetation, alpine 1161 

, altitudinal zones 

of Hi even 1162 

horizontal range 

of 1153 

vertical range 1158 

Veil 1122 
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VOluless..,. 

Veinlets 141 

/Veins, costal. 141 

> primary * 141 

Vellozia *...1071 

— , stem of 112 

Velum 1122 

VelutVuus 00 

Velvety 60 

Venation 141 

, hidden 141 

, furcate^ 144 
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Villous . Winged fruite 992 

Vine 814 Wings 689 

Violacea; 768 Wiutere© .... 747 

Violet family 768 Winter-cherry 961 

Virginian Himke-root 1010 Winter green. 926 

Vis a fronte in the circula- Winter’s hark 743 

tion 269 Witch-hazel family 887 

Vis a tergo in the circula- Wood, formation of Ill 

tion 209 tnue,samcaalloney- 

Viscous, clammy, like bird- suckle. 

lime. Woodruff 905 

Viscum 899 j Wood-sorrel 821 


liyttcu ItJL 

, parallel 142 

, radiating 148 

reticulated 141 

of petals 371 

Ventral suture 438 

Ventricosc, swelling un- 
equally on one side. 

Venus’ lly-trap 771 

Vemtreic .1079 

Veratria 1080 

Verba scum 965 

Verbenacea\.~ 968 

Verjuice s 14 

Vermicular, worm-shaped. 

Vermiform vessels 37 

Venial grass 1 100 

Vernation 181 

Veronica 965 

V erruca*., warts 03 

Versatile 408 

Verticil 169 

Verticillaster 339 

Vcrticillate 169 

Verticils or whorls of the 

flower 350 

Vervain 969 

Vesicle, genninal 510 

Vesicles or bladders 3 

Vesicular ealyx 367 

glands 63 

Vessels, annular 35 

beaded 37 

, development (4... 39 

, dotted 35 

, laticiferoiu 38 

— , mode of com- 
munication 40 

, moniliform 37 

y necklace-likc 37 

porous 36 

, reticulated 35 

? scttlajrifonu 35 

, vermiform.. 37 

Vexillary 355 

Vexilhun 379 

Victoria 751 

VilU 57 


V OiO 

Vitollus 580 

Vittm ‘A) 

Vlvianiaceto 780 

Viviparous plants 631 

Vocliysiacea* 861 

Voltzia.... 1187 

Yolubile 60 

Volva 1122 

W ake-Itebin. 1093 

Wallflower 762 

Walnut 1041 

Ward’s portable conserva- 
tories 297 

Warty glands 63 

Water-beau family 752 

Water-ohesnut 868 

Water-cress is Nasturtium 
olUcinalo. 

Water-flannel 1129 

Water-hemlock 893 

Water-lily .. 750 

Water-melon 872 

Water-net 1129 

Water-pepper family 777 

W ater-plantain 1088 

Waiter-shield family 749 

Waved 5 

Wavy 150, 374 

Wax, vegetable 316 

W r ax-flower 943 

"Wax-myrtle 1037 

Wax-palm .....1086 

W r axy matter in epider- 
mis 49 

Way-bred 979 

Wealdeu fossils 1187 

Wedge-shaped 150 

W eeping W ill o w 1036 

Wetberellia 1189 

Wheat 1142 

Wheel-shaped, see Rotate. 

White wood 78 

Whorl 196 

Whorled 542 

Whortleberry 621 

Willow 1036 


u uuu^'ium,;. '£& 

in the bark... 83 

Woody layers 77 

W T oody masses, anomal- 
ous 113 

Woody stems, peculiar 

Brazilian 90 

Woody tisane, glandular.. 30 

r punctated.. 30 

Woody wedges iu pepper 1)0 

Woolly GO 

Woornli, or Wourali 947 

Wormseed 917 

Wormwood 917 

Wych-Elm is Limns mon- 
tana. 

Xanthic series of colours 679 

X anthophylle 675 

Xanthorrhiva 1078 

Xanthoxylaceaj 829 

Xyridacea) 10851 

Yam 1052 

Yew 1046 

Yucca 1078 

Zabucajo nuts are the pro- 
duce of Lecythis Zabu- 
caio. 

Zainia 1048 

Zamiostrobus ...1187 

Zamites 1187 

Zanthoxyluceie 829 

Zebra-plant 1064 

Zebra-wood * 846 

Zingiberaceso ........1061 

f Region of.. .1155 

Zizyplius 841 

Zones of wood 77 

in Exogens 79 

Zones of vegetation 1160 

Zoocarpe, same as Zoo- 
spores. 

Zoosperms, same as Zoo- 


spores. 

Zoospores 294 

Zygophyllacea? 528 
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